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PREFACE 

This book is intended primarily for engineers, manufacturers 
and users of lumber and of various special classes of wood 
material, and students of engineering and forestry. For such 
structural materials as steel, concrete, etc., there is a wealth of 
technical information in readily accessible form. Of wood the 
same can not be said. It is hoped that the present volume will 
serve to some extent to supply this deficiency. 

The data given are derived almost entirely from tests and in- 
vestigations on the mechanical properties of wood made by the 
Forest Service of the U. S. Department of Agriculture. Various 
bulletins, circulars, and papers of the Forest Service, especially 
those prepared by the author and those with the preparation of 
which the author was closely concerned, have been drawn upon 
freely. Most of the diagrams have already appeared in Depart- 
ment of Agriculture publications. 

The author wishes to acknowledge his indebtedness to the 
members of the Forest Products Laboratory and the Office of 
Industrial Investigations of the Forest Service for the use made 
of their publications and for assistance in the preparation of the 
text, and to thank the various associations for the data they have 
supplied. Special thanks are due to Mr. Rolf Thelen for his 
review of the text. 

Harold S. Betts. 
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CHAPTER I 
TIMBER RESOURCES OF THE UNITED STATES 

Forest Region's op the United States — Types op Forests — 
Estimates op Stand — Diagram and Table Showing 
Stand by States and Species — Timber in Public and 
Private Ownership — Forest Renewal — Shifting Cen- 
ters OP Production — Change in Species Forming Bulk 
op Lumber Cut — Future Timber Supply op the United 
States. 

The forest regions of the United States are shown in Fig. 1. 
Slightly more than one-half of the supply of timber is in the 
Pacific Northwest (Washington, Oregon, northern Idaho, western 
Montana, and northern California) ; about one-fourth of the total 
amount is in the Southeast; the remainder, except for a small 
proportion in the Rocky Mountains, is distributed throughout the 
former centers of production, the Lake States and the North- 
eastern States. Five groups of States cover the natural tim- 
bered areas of the country: the Northeastern States, the Southern 
States, the Lake States, the Rocky Mountain States, and the 
Pacific States. In the forests of the two groups last mentioned 
practically all of the timber-producing treeg are conifers. In 
the first four groups the timber-producing trees are both conifers 
and hardwoods. 

The first heavy timber cutting in the United States was in 
the white pine forests of the Northeast, and the original stand 
of white pine has been largely cut out. The present stand in 
the northeastern States is mainly spruce, second growth white 
pine, hemlock, and hardwoods. 

In the. Southern States there are four different types of forests, 
broadly distinguished according to their elevation above sea 
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TIMBER RESOURCES OF THE UNITED STATES 3 

level. The swamp forests of the Atlantic and Gulf Coasts 
and the bottom lands of the rivers furnish cypress and hardwoods. 
The remainder of the coastal plain from Virginia to Texas was 
originally covered with southern yellow pine. The plateau 
which encircles the Appalachian Range and the lower part of the 
mountain region itself support the pure hardwood forest. The 
higher ridges are occupied by conifers, mainly spruce, white 
pine, and hemlock. 

The Lake States still contain large hardwood forests in their 
southern portions. In the northern part are coniferous forests 
made up of the rapidly diminishing white pine and of tamarack, 
cedar, and hemlock. 

The principal timber trees of the Rocky Mountain forests 
are western yellow pine and lodgepole pine. 

The Pacific forests, which contain the largest amount of timber 
still standing in the United States are largely made up of Douglas 
fir, western hemlock, sugar pine, western yellow pine, redwood, 
and cedar. 

A number of attempts have been made to estimate the amount 
•of standing timber in these various regions. The most authentic 
estimates are given in Table 1 (p. 5). It will be seen that they 
vary widely but that in spite of the continued cutting of our 
timber the more recent estimates of what is left are larger than 
those made earlier. 

The latest estimate^ gives the total amount of standing timber 
in the United States suitablie for the manufacture of lumber as 
2,826 billion board feet. The original stand has been esti- 
mated at 5,200 billion board feet. Of the difference, it is 
probable that about one-third has been destroyed by forest 
fires, one-third lumbered, and one-third wasted. Figure 2 shows 
the estimated stand of the principal species in the various 
States. The size of the squares indicates the amount of standing 
timber in the various areas, which in some cases include a number 



j * Paper presented before the International Engineering Congress, Sept., 

; 1915, "Structural Timber in the United States," by H. S. Betts and W. B. 
Greeley. The estimate in this paper is taken largely from a report of the 
Bureau of Corporations of the Department of Commerce on "The Lumber 
Industry," and the Report of the National Conservation Commission. 
These estimates include, for the most part, only timber of sawlog size, 
as determined by current requirements. A figure representing the total 
forest resources of the United States, including fuel, pulpwood, etc., would 
bd materially larger. 
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8 TIMBER 

of States or parts of States. The squares are divided into 
numbered areas indicating the amount of the different species. 
Table 2 gives the estimates in figures for the stand of timber 
by States and species. While it should be understood that the 
data in Fig. 2 are estimates, nevertheless every care has been 
used in their preparation and the diagram at least indicates 
the relative amounts of the principal species in various parts of 
the United States. 

About 23 per cent, of the standing timber in the United 
States, or 673 billion feet, is in pubUc ownership. The most 
important of the public timber lands are the National Forests, 
which aggregate 165 million acres, the timbered portions of the 
Indian Reservations, which total 7 million acres, and Forest 
Reserves in the ownership of various States, which exceed 33^ 
million acres. On these areas, broadly speaking, the forests 
are being cut conservatively, and extended by artificial planting, 
protection from forest fires is provided, and a continuous pro- 
duction of wood under approved forestry methods is assured. 

Aside from these public holdings, however, there is, as yet, 
little prospect of the scientific renewal of the present enormous 
forest resources of the United States. Lumbering is still largely 
the exploitation of virgin timberlands by destructive methods 
and without regard for the future production of wood, a condi- 
tion forced upon the industry by its unstable market and the 
fluctuating, often excessively low, value of its product. Excep- 
tions to this general condition are restricted to small parts of 
the eastern States, where the practice of forestry is made possible, 
economically, by exceptionally favorable markets for varied 
wood products. 

The manufacture of lumber in the United States is therefore 
a nomadic industry, shifting from section to section as the supplies 
of virgin timber are exhausted. Until 1860, the bulk of the 
lumber was cut from the Alleghany Mountains and northeastern 
States. For the next thirty years, the vast white and Norway 
pine stands of the Lake States furnished most of the country's 
lumber. The industry then, as represented by the greater part 
of its mill capacity and output, moved into the southern yellow 
pine belt on the Atlantic and Gulf Seaboard. The production 
from that section is now at its height, approximately 17 billion 
feet annually. The total stand of southern yellow pine is esti- 
mated at 384 bilhon feet; hence, twenty years of cutting at the 
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present rate will exhaust it as a large factor in the American 
lumber trade. In the meantime, the output of the Pacific 
Coast, already reaching 8 billion feet of Douglas fir in Oregon 
and Washington, is steadily climbing; it is simply a question of 
years before it will exceed that of the lumber regions of the East. 

The shifting character of the lumbering industry in the United 
States is seen in the change from period to period in the species 
of timber making up the bulk of its commercial product. 
Southern pine is now in very general use as a structural timber; 
but the movement of the industry to the Pacific Coast is, in the 
future, going to replace it to a considerable extent with Douglas 
fir, just as the yellow pine has replaced Norway pine, spruce, 
and various hardwoods in many structural uses. 

It is roughly estimated that the total annual drain upon the 
forests of the United States from fires, insects, and lumbering 
combined, including wood for all uses, is around 100 billion 
board feet. The annual growth of wood in the forests, most 
of which is a matter of chance rather than of management or 
scientific method, is probably not over one-third of this amount. 
The country is thus evidently drawing upon its forest capital 
at the rate of 60 to 70 billion feet annually. Long before the 
present enormous forest resources are eaten up, however, it is 
more than probable that readjusting economic conditions, 
particularly higher values for timber and a lower per capita 
consumption, will reduce the annual drain to an amount not 
more than the annual growth. With its enormous areas of non- 
agricultural lands — apparently best suited to the production 
of timber, in the natural order of things — it is probable that 
the United States will not only supply its own needs but continue 
to be a large exporter of timber. Even the quaUty of the lumber 
placed upon the market, which is of primary interest to the 
structural engineer, will change but very gradually as old sources 
of supply renew their stands of merchantable material. For 
the next thirty or forty years at least, there is no question as to 
the ability of the United States to furnish high-grade structural 
timber and lumber from its southern pine and Douglas fir 
forests to meet almost any demand for such material from any 
portion of the world. 



CHAPTER II 

THE STRENGTH OF WOOD 

Results of Tests on North American Woods — ^Relations 
Indicated by Tests — Methods of Tests 

The term strength in a strict sense means ability to resist 
stress or force of one kind, as strength in bending, strength in 
compression, etc. However, strength as applied to wood may 
have a variety of meanings, depending on the use in mind for the 
wood. In speaking of the strength of columns or posts in build- 
ings, strength in compression is generally meant. In the case of 
beams, bending strength is thought of. In wood for axe handles, 
the toughness or shock-resisting ability and hardness are gener- 
ally included in the term strength. It is evident that strength 
may include several |a*Qperties or a single property, according 
to the use in mind, ^^^d tbat in comparing woods the property 
or properties must ^p specified for a clear understanding. 

Tests to determjfip il^e mechanical properties of wood, such 
as bending tests, pompression tests, shearing tests, hardness 
tests, etc., to be st)^otly ccffiaparable must be made on straight- 
grained pieces free from defects, such as knots, shakes, etc., 
and in the same condition of seasoning, It would manifestly 
be misleading to compare the strength of oak containing defects 
with clear hemlock, or the strength of green ash with dry birch. 

RESULTS OF TESTS ON NORTH AMERICAN WOODS 

l?able 3 shows the average mechanical properties of 124 
different woods grown in the United States.^ This table can 
be used to compare the properties of the different woods, to 
select woods for particular uses, and to estabUsh correct work- 
ing stresses. It is based on approximately 130,000 tests con- 
ducted by the United States Forest Service over a period of 
about fifteen years. These tests represent about 80 per cent, 
of all the tests made on woods grown in the United States. 

^ See U. S. Department of Agriculture Bulletin 556, " Mechanical Proper- 
ties of Woods Grown in the United States," by J. A. Newlin and T. R. C, 
Wilson, for a more detailed table. 
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4 

Small clear specimens were used. Each line of the table repre- 
sents the average of tests made on pieces cut from five typical 
trees from a single locality.^ Since there is considerable varia- 
tion in the strength of wood from individual trees of the same 
species, the results should be taken as indications rather than 
as fixed values. 

Table 3 gives average values obtained from tests on green 
material. The values for dry material would be higher, as in- 
dicated in the accompanying notes. While it is true that the 
properties of all species are not changed in the same proportion 
by drying and that all the properties are not equally affected, 
nevertheless the converting factors given in the notes will in- 
dicate with suflficient accuracy for most practical purposes the 
strength to be expected in the dry material. 

The first column in Table 3 gives the common and botanical 
names of the species. Since many species have a number of 
common names, some of which may be used for several species 
in different parts of the country, the botanical name is needed 
for positive identification. The locaHty where grown as shown 
in the second column of Table 3 should not be given too much 
weight as an indication of strength or weakness. The influence 
of region of growth on the properties of wood is generally over- 
emphasized. 

The columns numbered 3, 4, and 5 give the weight per cubic 
foot in three conditions of moisture — green, air dry, and kiln dry. 
The weight in a green condition was determined at the time the 
logs were sawed into pieces for test. The various species differ 
largely as to the wetness of the green wood. The hardwoods as 
a rule do not exhibit any considerable variation in moisture with 
the position in the tree. The conifers, on the other hand, show 
a wide variation in moisture content between the heartwood and 
sapwood and in some instances between the upper and lower 
parts of the tree. Tamarack and cypress, however, have a 
comparatively uniform moisture content throughout the tree. 
Sugar pine and western larch are frequently very heavy, because 
of moisture in the former and resin at the butt in the latter. 
Longleaf pine and some other species have a very low moisture 
content in the heartwood, while the sapwood is very wet. 
When this is the case, young thrifty trees with a large propor- 

' The averages for a few of the species listed in Table 3 are from less than 
five trees. 
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tion of sapwood are much heavier than old over-mature trees 
with a small amount of sapwood. The weight in an air dry 
condition was determined after the test material had dried to 
constant weight under shelter. The moisture content under 
such conditions is generally from 12 to 15 per cent. It varies 
with the part of the country in which the drying or seasoning 
takes place! An air dry condition in Douglas, Arizona, would 
mean a considerably lower moisture condition than an air dry 
condition in Seattle, Washington. The weight in a kiln dry 
condition was determined by adding 8 per cent, to the weight 
of the bone dry wood.^ Of course, kiln dried material may be 
dried so that it has more or less than 8 per cent, moisture, 
depending on conditions in the kiln. Eight per cent, is con- 
sidered an average moisture content for kiln dried wood. 

In the determination of the figures for specific gravity based 
on volume when green (column 6), the test specimens are weighed 
and measured when green. Their oven dry weight is then pom- 
puted by dividing the weight when green by one plus the pro- 
portion of moisture. Specific gravity based on volume when 
green is unaffected by the shrinkage of the wood. Specific 
gravity is the best criterion, except actual strength tests, of the 
strength of the clear wood of any species. 

It has been found that in oak, more than in any other species 
or group of closely related species, pieces of the same density 
may vary widely in mechanical properties. Occasionally very 
dense pieces of oak are for some unknown reason low in strength; 
but in all species, specimens of low density are invariably weak. 

The per cent, of shrinkage that occurs when a piece of wood is 
dried from a green condition to an oven dry or bone dry condition 
is shown in the columns numbered 7, 8, and 9. All shrinkages are 
expressed in percentages of the original or green dimensions. In 
practice, wood is seldom if ever dried to an oven dry condition. 
It is generally either kiln dry or air dry. The shrinkage to be ex- 
pected in drying green material to a kiln dry condition may be 
taken as 75 per cent, of the shrinkage from a green to a bone dry 
condition; and the shrinkage from a green to an air dry condition 
as 50 per cent, or one-half the shrinkage to a bone dry condition. 
Column 7 gives the shrinkage in volume, omitting longitudinal 
shrinkage, which is negligible. Columns 8 and 9 give the shrink- 

^ For accurate calculations the swelling from to 8 per cent, moisture 
and the consequent reduction in specific gravity must be taken into account. 
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age in the ra.dial and tangential directions respectively. The 
radial shrinkage is roughly one-half as much as the tangential 
shrinkage. Radial shrinkage is a measure of the change in width 
of a quarter-sawed or edge-grain board. If such a board of 
Douglas fir 10 inches wide were dried so that the moisture was 
reduced from 30 per cent, to 15 per cent, (green to air dry con- 
dition) the decrease in width would be about %6 inch. Tan- 
gential shrinkage is a measure of the change in the width of a 
flat-grain board. In a 10-inch flat-grained Douglas fir board 
the decrease in width when dried from 30 per cent, to 15 per 
cent, moisture would amount to about ^q inch. 

Columns 10 and 11 show, respectively, the modulus of rupture 
or breaking strength in bending in pounds per square inch and 
the strength compared to oak. The modulus of rupture is a 
measure of the abiUty of a beam to support a slowly applied load 
for a short time. Safe working stresses for carefully selected 
structural timbers, such as floor joists, stringers, etc., with all ex- 
ceptionally light pieces excluded, subjected to bending in dry 
interior construction, are about one-sixth the modulus of rupture 
values given in Table 3. The values given are for green wood. 
The modulus of rupture for air dry wood is about 50 per cent, 
greater than that for green. For kiln dry wood it is about 100 
per cent, greater, or twice the green value. This increase in 
strength due to drying does not apply to comparatively large 
structural timbers, in which the defects induced in the drying 
process, such as checks and shakes, frequently offset any increase 
in the strength of the wood itself. 

Columns 12 and 13 give, respectively, the crushing strength 
for green wood in pounds per square inch and the strength com- 
pared to oak. For air dry wood the crushing strength is about 
60 per cent, greater than for the green, and for kiln dry wood 
the strength is about 100 per cent, greater, or twice the strength 
of the green. The maximum crushing strength is a measure 
of the ability of a short block to sustain a slowly applied load. 
It is important in calculating the strength of short columns. 
A safe working stress is about three-tenths the crushing strength 
as given.* 

Colmnns 14 and 15 give the strength in compression per- 
pendicular to the grain and the relative strength compared 
to oak. Fiber stress at elastic limit is the value given. It 

^ In dry interior construction, and with light weight pieces excluded. 
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represents the greatest stress that can be applied without injury 
and is used in computing the proper bearing area for beams, 
railroad ties, etc. Two-thirds of the fiber stress given in Table 
3 may be used as a safe stress in dry interior construction. 

Columns 16 and 17 show the modulus of elasticity in bending 
in 1000 pounds units and as compared to oak. The modulus 
of elasticity is a measure of stiffness and is used in calculating 
the deflection of beams. A high modulus of elasticity means a 
high degree of stiffness with but Uttle deflection. One-half 
the values given in the table are recommended for use in the 
design of structures on account of variations in the quality of 
timber and inaccuracies in workmanship in fitting together the 
various parts. 

Columns 18 and 19 show the hardness as indicated by the 
load required to imbed a steel ball in the various species of wood 
and as compared to oak. Hardness is important in flooring, 
handles of various kinds, paving blocks, vehicle material, etc. 
There appears to be no consistent difference between the hardness 
on a radial surface and on a tangential surface, and both values 
are averaged and tabulated as "side hardness." End hardness 
(not given) is usually slightly greater than side hardness. 

Columns 20 and 21 show the work to maximum load in bending 
in inch pounds per cubic inch and as compared to oak. The work 
to maximum load is a measure of the shock-resisting ability, 
or combined strength and toughness. It is important in estimat- 
ing the relative fitness of woods for uses where they are subjected 
to sudden loads as in wagon or automobile spokes or axe handles. 
Hickory and osage orange are woods that rank especially high 
in shock-resisting ability. 

Columns 22 and 23 show the shearing strength parallel to the 
grain and the shearing strength compared to oak. Shearing 
strength is important in beams which are likely to fail by shear- 
ing lengthwise so that the upper half slides on the lower half 
when the beam bends. 

RELATIONS INDICATED BY TESTS 

1. The density or dry weight of wood is a measure of its 
strength. 

2. Each annual growth ring is made up of a comparatively 
heavy band of summerwood and a lighter band of springwood. 
The greater the proportion of summerwood, the greater the 
weight and strength of the timber. 
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3. No differences in mechanical properties due to a change 
from sap to heart have been found. As a general rule, in species 
which show a variation in the mechanical properties with position 
in cross sections, there is a certain age when the best wood is 
produced. In such species the age and thrift of the tree deter- 
mine whether heart or sap is the better. For example, in a 
young, thrifty hickory the sap wood is usually the better; while 
in a large, over-mature tree of the same species the heartwood 
is the better. 

4. Exceedingly rapid or slow growth in conifers has usually been 
found to be attended by lack of density and inferior mechanical 
properties. 

6. The effect of location of growth on the nature of the timber 
is very complex. Variations attributed to difference in locaUty 
of growth are frequently exaggerated. These variations are 
generally apparent in the difference in density of the wood. 

6. Trees growing close together and apparently under the 
same conditions occasionally show a difference in their mechanical 
properties that can not be entirely accounted for by the difference 
in density. Whether this difference is due to the ancestry of the 
tree or some other cause, such as soil conditions, is not yet 
known. 

7. The strength of small, clear pieces is greatly increased 
by seasoning. In large timbers, the increased strength attending 
a loss of moisture is mostly offset by checks and other defects 
developed during the seasoning process, and therefore, under 
most conditions it is not considered advisable to anticipate 
any added strength due to seasoning. 

METHODS OF TEST 

The methods of test^ used in obtaining the data in Table 3 
are shown in Figs. 3 to 10 inclusive.^ With each figure is a 

1 For a more detailed description of the methods of test used by the Forest 
Service see Forest Service Circular 38, "Instructions to Engineers of Tim- 
ber Tests," revised. Forest Service BvUetin 108, "Tests of Structural Tim- 
bers, " by McGarvey Cline and A. L. Heim, and a paper presented at the 
6th Congress of the International Association for Testing Materials, " Forest 
Service Investigations of American Woods with Special Reference to In- 
vestigations of Mechanical Properties, " by McGarvey Cline. 

' Several methods of testing wood not referred to in Table 3 are given for 
the sake of completeness. 



Fio. 3. — Bending t*st, 8" X 16" X IB' bridge strineer. 





— 




eE^olNa 




Hu 


ii™ 


i^ 


^ 


=60 






• 




/ 


^ 




















f 


/ 






" 














/ 








a 












/ 










I* 










/ 














I.. 










/ 














i" 








•/ 


■<c 


ti.j 


mlt 










^ 






/ 


















i" 






/ 






r-- 


■~ 










/ 




[g>^>=-.^.^^^r 






/ 






1 ^^Il«k.rBwB , 






^ 






1 1 1 1 1 



0.4 (U U U U 

D«fl«etioaln InehM 
Flo. %a. — Stress strain diagram for bending teat. 
Ftae. 3 and 3a. — Method of testing large be&ms in bending and resulting 

diagram. 



THE STRENGTH OF WOOD 17 



DESCRIPTION OF FIGS. 3 AND 3a. 

Specimen. — Contams defects common in material bought on the market. 
The commercial grade is determined by the number, size, and position of these 
defects. Bridge stringer, 8" X 16" X 16'. 

Set Up, — Specimen rests on rocker supports (h), with bearing plates (c) 
between the supports and the si>ecimen. The supports rest on extension arms 
bolted to the weighing platform (a) of a universal testing machine. 

Load is applied continuously at the two points (A, h) each one^third length of 
span from end supports. Load is applied by the machine head at (d) and tians- 
mitted through the double channel beam (e) and through the roller bearings 
({7, h) to the specimen. Speed of machine 0.25 inch per minute. 

Deformation. — Deflections at center are measured by a fine wire (i) kept 
taut by a spring stretched between two nails driven midway between the top 
and bottom' faces of the specimen vertically above the supports. The wire 
crosses a steel scale (k) attached to the specimen. The movement of the wire 
with reference to the scale shows the amount of bending. 

RestUts Calculated.- — (a) Fiber stress at elastic limit. This is the greatest 
stress that can occur in a beam loaded with an external load from which it 
wiU recover without permanent deflection. 

(6) Modulus of rupture. This is the greatest computed stress in a beam 
loaded with a breaking load. 

(c) Modulus of elasticity. This is a factor computed from the relation 
between load and deflection within the elastic limit, and represents the stiffness 
of the wood fiber. 

(d) Longitudinal shear. This is the stress tending to split the beam length- 
wise along its neutral plane when under maximum load. 

(e) Work to maximum load. This is the energy or work required to bend 
the beam to its deflection at maximum load. It is a measure of a combination 
of strength and toughness or shock-resisting ability. 
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Fig. 4. — Method of testing small beams in bending. 

Specimen, — Clear, straighl^grained, 2" X 2" X 30". 

Set Up, — 1. I-beam, (/), with two knife-edge supports, (b &), 28 inches apart, 
placed on weighing platform of universal testing machine. 

2. Specimen rests on knife-edge supports, (6 6), with roller bearings, (c c), inter- 
posed between the supports and the specimen. 

3. Load applied continuously at center of span through the bearing block (a) ; 
speed of machine 0.105 inch per minute. 

Deformation. — Deflections at center measured by means of special deflecto- 
meter, (d e). The deflectometer rests upon small nails driven vertically above 
the knife-edge supports midway between the top and bottom faces of the speci- 
men. The indicator, (e), is fastened by means of a thin strip of steel to a small 
nail on the neutral axis midway between the supports. As the beam deflects, the 
indicator drops by gravity, indicating on the scale, (d) , the amount of deflection 
to the nearest one- thousandth of an inch. Deflections are observed for every 
50 pounds increment of load. ^ 

ResuUa Calculated. — (a) Fiber stress at elastic limit. 

(&) Modulus of rupture. 

(r) Modulus of elasticity. 

ijd) Work to maximum load. 
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Fio. 5» — Compression parallel to grain. 




.01 .02 .08 .04 M 
CompresBion in Inches 

Fio. 5a. — Stress strain 
diagram for compression 
test. 

Figs. 6 and 5a. — 
Method of making a test 
in compression parallel 
to grain, and resulting 
diagram. 



Specimen, — Clear, straight-grained, 2" X 2" X 8"; 
ends carefully squared. 

Set Up. — 1. Yokes, (b &), placed on specimens 6 
inches apart, held in place by thin, pointed screws. 

2. Specimen rests on ball and socket bearing, (a e) ; 
load applied continuously; speed of machine 0.024 
inch per minute; care should be taken to have the 
ends of the specimen cut smooth and true so that 
the load is distributed uniformly over the ends. 

Deformation. — Deformation between yokes meas- 
ured by means of Olsen compressometer. The arms 
of the compressometer are brought in contact with 
the yokes, (& &), by means of the spacing bars, (c c). 

ResuUe Calculated. — (a) Fiber stress at elastic limit. 

(6) Maximum crushing strength. 

(c) Modulus of elasticity. 



Fid. 6. — CompreBnoD perpondteular to gnln. 
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Yvi. 6a. — Streu stroui diaKTsm 
for compresdon tost. 
Fioe. 6 BDd 6a. — Method of 
making a t«Et in oompreBsion 
perpeDdicular to crain, and re- 
sulting diagnuQ. 



&-peeimtn. — Clear. Btraiillt--Er[uned, 2" X 
2" X 6". 

Set Up. — Specimen placed on weighing plat- 
form of umveruil testins machine. Steel 
plate, (o), 2 inches wide placed oe top of apeci- 
men. Load applied to the Bpeclmen through 
the plate, (a) ; speed of maohine 0.024 inch per 

Dt^orma/ion.— Deformations measured with 
deflectometer, (d, b, t), the bearing end of the 
deflectometer coming in contact with steel 
pUte, (o). 

Reeulti Caicuialed. — CruBhing strength at 
elastic limit. The load at elastic limit ia de- 
termined by means ol load-deformation dia- 
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FiO. 7. — Method of making teat for hardness. 

Spoeimcn.— Clear, strught-erained, 2" X 2" X 0". 

Set Up. — Steel bar, (a) , held rigidly In croBsheod of testing machine. The 
end of bar, (a), is a hemisphere, having a diameter of 0.444 inch. During teat, 
washer, (b), is kept moving by operator by means of handle, (e). When end of 
bar. (a), is forced into the wood, the distance equaL to radius of the sphere, the 
washer, (b), becomes fixed. The load at the instant the washer becomes fixed 
is taken as a measure of the hardness. The hardness test is made ott radial 
and tangential faces as well as on the ends of the specimen. 

Reiuitg Calculated. — Load in pounds to imbed sphere .44 inch diameter, a 
distance equal to its radius. 
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Fig. 8. — Method of making shearing test. 

Specimen. — Clear, straight-grained, cut so as to have a projecting shoulder. 
Set Up. — 1. Specimen placed in shearing tool so that a movable plate rests 
upon projecting shoulder. 

2. Specimen rests upon plate, (e), and is held in a vertical position by means 
of plate, (c), and screws, (d, d). 

3. Shearing tool rests upon base of universal testing machine; load is applied to 
specimen through plate, (a); the load is increased gradually; speed of machine 
0.015 inch per minute, until projecting part of specimen is sheared off. 

ReatiUs Calculated, — Maximum shearing strength in pounds per square inch. 
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FiQ. 9. — Method of making test in tension at right angles to grain. Specimen 

2" X 2" X 2)4". 

Specimen. — (See Figure.) 

Set Up. — 1. Holders, (b h), and (d, d), fastened to fixed and movable cross- 
heads of universal testing machine by means of rods, (a a) , which are connected to 
holders with ball and socket joints. 

2. Specimen placed in holders, (h &), and {d cO«so that bearing of holders or 
specimen is uniform over entire length of specimen. 

3. Load applied gradually, speed of machine 0.25 inch per minute. 
Results CcUculated. — Maximum tensile strength in pounds per square inch. 




movable crossheadsof machine 



Fio. 10. — Method of making cleavability U 
Specimen. — (See Figure.) 
Set t/p.— l.Holderu, (66). fastened to 
by rods, (a o.) 

2. Specimen placed bo that one end reata snugly against holders so that distance 
from contact point to line of maximum stress is constant (3^ inch). 

3. Load applied gradually; speed of machine 0.25 inch per minut«. 
Reaidia Calculated. — Maiimum load divided by width of specimen in inches. 

brief description of the method and meaning of the values de- 
rived from the tests. In addition to these values moisture de- 
terminations and specific gravity determinations are made on 
each test specimen and the specimen is carefully described. 
Typical stress-strain diagrams for three kinds of tests — bending, 
compression parallel to grain, and compression perpendicular to 
grain — are shown. 



Method of Determining Moistube Content of Wood 

1. Saw a section 1 inch thick from the piece of ]umber whose 
moisture is to be determined. The section should be taken 
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at least 12 inches from an end as the wood close to the ends is 
liable to contain less moisture than the average for the whole 
stick, due to end drying. 

2. Remove splinters from section and weigh (TT). An accu- 
racy of 1 per cent, is sufficient. Mark weight on section. 

3.* Dry section in oven at 100° C. (212° F.) until weight (Wi) 
is constant. If an oven is not available, the section may be 
dried on hot steam pipes until it ceases to lose weight. 

4. The first weight (W) minus the dry weight {Wi) represents 
the weight of water dried out of the wood. Divide this loss by 
the dry weight and multiply by 100. The result is the moisture 
content (Af ) of the wood expressed in per cent, of the dry weight. 

W - Wi 
M = TT7 X 100 
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FiQ. 11. — Method of determining volume by displacement of water. • 

Method of Determining Specific Gravity of Wood 

Specimens 



1. Cut typical samples from specimen containing from 5 
to 25 cubic inches. 

2. Find volume (F) of sample in cubic centimeters by meas- 
urements or by displacement method (see below). 

3. Dry sample in oven at 212° F. (100° C.) until weight is 
constant. 

4. Find weight (W) of sample in grams. 

W 

5. Divide weight of sample by volume of sample yr = spe- 
cific gravity.^ 

1 This is specific gravity based on volume at test. To find specific gravity 
based on oven dry volume weigh sample after drying and divide by oven dry 
volume. This will be larger than specific gravity based on volume with more 
moisture, since sample shrinks in drying. 
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Method op Determining Volume by Displacement op 

Water (See Fig. 11) 

Place a container partly filled with water on one pan of a 
balance scale and bring to balance. Stick the sample whose 
volume is to be determined on one end of a sharp metal rod. 
Dip sample in paraffine and place under water in container. 
Adjust the rod in holder so that the sample is held under water 
but does not touch container. Balance scales again. The 
operation of weighing under water should be carried out rapidly 
so as to prevent absorption of water by the sample. Since a 
cubic centimeter of water weighs one gram the weight in grams 
required to balance scales after the sample is submerged is the 
volume of the sample in cubic centimeters. 



CHAPTER III 

EFFECT OF MOISTURE AND OF PRESERVATIVE AND 
CONDITIONING TREATMENTS ON THE STRENGTH 

OF WOOD 

EFFECT OF MOISTURE 

Moisture exists in wood in two conditions — absorbed in the 
cell walls, and filling the various open spaces or cavities in the cells. 
The water in the open spaces, '4ree" water, has no effect on the 
strength. If a piece of green wood is dried, it first loses the free 
water; and until this is gone and the water in the cell walls begins 
to grow less the strength remains the same. The reduction of 
moisture in the cell walls causes an increase in strength. The 
relation between moisture and bending strength, crushing 
strength, and stiffness for western hemlock is shown in Fig. 12. 
It may be seen that above about 30 per cent, moisture there is 
no change in strength, while if the moisture is reduced below 
35 per cent, the strength increases rapidly. The effect of 
moisture on stiffness is comparatively slight. Moisture strength 
diagrams for all the more common structural species have the 
same general form as that for western hemlock. Fig. 13 shows 
the relation between moisture and crushing strength for a number 
of woods. 

When the cell walls have absorbed all the moisture they can 
the wood is said to be at the fiber saturation point. If the wood 
takes up more moisture, the additional moisture will be contained 
in the form of free water in the cell cavities. The fiber saturation 
point for various species appears to vary between 20 and 35 per 
cent, moisture. 

Figure 14 shows the results of crushing tests on longleaf pine, 
eastern spruce, and chestnut, including pieces varying from an 
oven dry to a soaked condition. The oven dry pieces have prac- 
tically no moisture and had the greatest crushing load. They 
were also the stiffest as shown by the angle between the hori- 
zontal compression scale and the line marked "oven dry" on 
the diagram. The greater this angle the stiffer is the piece. 
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The kiln dry pieces, with slightly more moisture than the oven 
dry pieces, rank next in strength and stiffness followed by several 
air dried pieces with increasing moisture and lower strength. 




;10 15 20 25 30 .85 40 45 

Moiflture-Percent-Based on Dry Weight 

Fig. 12. — Effect of varying degrees of moisture upon the strength and stiffness 

of small clear pieces of western hemlock. 

The pieces that were dried and then allowed to reabsorb moisture 
in a humid atmosphere and the pieces that were dried and then 
resoaked were the weakest and least stiff of any. 

It should be noted in the case of specimens dried so as to cause 

^Read scale in 1,000 pounds per square inch. 
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an uneven distribution of moisture throughout the cross section 
that the resulting moisture strength curve will be above the curve 
for evenly dried specimens, and will be gradually rounded oflf 
from the wettest to the driest condition. Figure 15 shows the 
strength of case hardened or unevenly dried pieces as compared 
with pieces dried uniformly throughout their cross section. This 




lU 15. 20 25 30 35 40 45 50 ^ 00 
Moisture Percent Baaed on Dry Weight 
FiQ. 13. — Relation between the crushing strength in compression parallel to 
grain, and the moisture content for several woods. 

condition of uneven dryness will generally be true of structural 
material. The specimens used in Fig. 15 were somewhat case- 
hardened, as a result of the surface being more rapidly seasoned 
than the interior; and on this account the diagram is rounded 
instead of making a sharper angle at the fiber saturation point. 
The strength of small, clear pieces of wood when dried from a 
green to a kiln dry condition is frequently doubled. 
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In considering the effect of moisture on wood, it should be 
kept in mind that a considerable increase in strength due to 
drying is generally found only in small pieces. This is due to 
the difficulty of drying larger pieces through to the center and 
to the weakening effect of checks which frequently occur in drying. 
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Total Compression - Inches 
Fig. 14. — Relation between amount of compression and crushing load in 
pieces varying from an oven-dry to a soaked condition. (Compression parallel 
to grain— pieces 1^" X 1^" X 6^"). 

EFFECT OF PRESERVATIVE AND CONDITIONING TREATMENTS 

Wood-preserving processes may be divided into two classes — 
superficial processes and impregnation processes. In superficial 
processes, the liquid preservative is applied to the wood by a 
brush or by dipping; in impregnation processes the preservative 
is forced into the wood under pressure. The wood to be treated 



EFFECT OF MOISTURE ON WOOD 



31 



(ties, piUng, structural timber, etc.) is placed in large steel cylin- 
ders; the cylinders are then tightly closed, and the preservative 
is run in through pipes. When the cylinders are full of preserva- 
tive, pressure is applied and the preservative is thus forced into 
the wood. Sometimes it is diflScult to force a sufficient amount 
of preservative into the timber under treatment and in such cases 
the wood is steamed before treatment to render it more perme- 
able. BoiUng in the preservative is also practiced. The im- 
pregnation processes,! the effect of which is considered here, 
are those in which steaming and boiUng are used. 
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Fig. 15. — Effect of casehardening upon the form of the moisture-strength 
curve in bending tests. The upper curve is from casehardened specimens, the 
lower curve from uniformly dried specimens. 

« 

The preservative generally used i^ creosote, an oil derived 
from the distillation of coal tar. 

Tests on Treated Southern Yellow Pine and Douglas Fir 

A series of tests was conducted by the Forest Service over a 
period of several years to find the effect of commercial creosote 
treatments on the strength of southern yellow pine and Douglas 
fir stringers. To show this effect a comparison was made be- 
tween the strength of treated and untreated stringers of the same 
size and quality. The stringers of both species were 8X16 inches 
in section and from 28 to 32 feet in length. The sticks were 

* For a full description of the various processes, see "The Preservation of 
Structural Timber, " by H. F. Weiss. 
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sorted in pairs with the object of having the sticks in each pair 
as much ahke as possible. At the time of treatment each stick 
was cut into two stringers of equal length, making four test 
stringers in each group, two butt cuts and two second or top 
cuts. In order to neutralize the variation in strength between 
butt and top cuts the butt ends were treated in one group and the 
top ends in the next, and so on. Figure 16 shows the method of 
cutting the test material. One stringer in each group was treated 
while green and tested; one was tested green; one was treated, 
seasoned, and tested; and one was seasoned and tested. In this 
way the relative strength of the treated and natural material, 
both green and after seasoning, was shown. 



Butt 



Group I 



Top 



Treated as Becolved and 
*■ Tested Immediately 


Tested as Beceired 2 



Treated as Seceived and 
3 Seasoned before Testing 


Seasoned before Testing 4 



Sntt 



Top 



Tested as Beceived 



Treated as Beceived and 
Tested Immediately 



Group II 



Seasoned before Testing 



Treated as Beceired and 
Seasoned before Testing 
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ab — Dlsk.l"Thick, Cut from Center to Determine Moistare 

Fig. 16. — Method of cutting and marking test material. 

The southern yellow pine stringers were of two kinds, longleaf 
pine and loblolly pine. The longleaf pine stringers were high 
grade timber and the loblolly pine stringers less valuable. The 
latter contained about 30 per cent, sapwood. The Douglas 
fir stringers included three grades.^ It is customary to use only 
timbers of the two higher grades in permanent structures. Two 
processes of treatment were used with Douglas fir, the '^ boiling'' 
process and the "steaming'' process. 

Methods of Treatment. — The preservative treatments to 
which the three species of structural timber were subjected were 
briefly as follows : 

* Select, Merchantable, and Common as classified by the grading rules 
of the West Coast Lumber Manufacturers' Association, now the West Coast 
Lumbermen's Association. 
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Loblolly Pine.i — Steamed for'four hours under 29 pounds pressure ; vacuum 
of 26 inches applied for one hour; cylinder filled with creosote and pressure of 
125 pounds applied for four and one-half hours at a temperature of 140° F.; 
vacuum of 233^ inches applied for one-fourth hour. Absorption of oil, 13)^ 
pounds per cubic foot of wood. 

Longleaf Pine.^ — Steamed for six hours at 30 pounds pressure; vacuum of 
26 inches applied for one hour; cylinder filled with creosote; and pressure of 
128 pounds applied for five and one-half hours at a temperature of 140° F. 
Absorption, 12% pounds per cubic foot of wood. 

Douglas Fir.* — Boiling process. Boiled in creosote, for twenty-one and 
three -fourths hours at temperature of 215° F., loss of moisture during boiling, 
1.2 pounds per cubic foot of wood; pressure raised from to; 145 pounds per 
square inch in five and three-fourths hours; temperature^ about 190° F. 
Absorption of oil, 11.2 pounds per cubic foot of wood, as determined by 
measuring tank readings. 

Douglas Fir. — Steaming Process. Steamed at 90 pounds pressure per 
square inch for four and one-fourth hours; temperature about 325° F.; 
vacuum of 20 inches applied for eighteen and one-half hours; temperature 
220° F. at end of period ; cylinder filled with oil and pressure raised from 
to maximum pressure of 140 pounds per square inch; pressure period, two 
and one-fourth hours, temperature of the oil, about 208° F. Absorption, 
31 pounds per cubic foot of wood, as figured from increase in original weight 
of stringers. The stringers were not weighed after steaming, so that the 
probable loss can not be taken into account in computing the absorption. 

Methods of Test. — The stringers were tested in bending by 
supporting them at the ends and applying the load at two points 
located one-third of the span from each of the end supports. This 
system corresponds closely to conditions of practice. In testing 
the beams the load was applied gradually and a record kept of 
the deflections corresponding to regular load increments.^ 

After failure occurred in the stringers, small pieces 2X2 inches 
in section and 30 inches in length were cut from the unbroken 
portions. These pieces were selected free from defects and with 
straight grain. Their location in a cross section of the stringer 
w£is noted, so that data could be secured on the relative strength 
of the inner and outer portions. The tests of small pieces in- 
cluded bending, compression parallel to. grain, ^ compression 
perpendicular to grain,' and shearing.' , \ 

Results of Tests. — The results of the tests on the natural 
and treated stringers are shown in Table 4.* Table 5 gives th^ 

^ Run made March 4, 1908. 
2 Run made March 5, 1908. 
'For method of test, see Chapter II. 

*The tests on Douglas fir treated by the steaming process and seasoned 
are not yet completed. 
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results of tests on small pieces cut from the uninjured portioiis 
of the stringers after test. 

Stringers. — The values for modulus of rupture (bending 
strength) and modulus of elasticity (stiffness) for the natural 
and treated stringers in each group are compared in Figs. 
17, 18, 19, 20, and 21 for loblolly pine, longleaf pine, and Douglas 
fir. The diagrams were made by first plotting the values for 
modulus of rupture of the natural beams (solid hues) arranged 
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Fio. 17. — Effect of preservative treatment on the strength and stiffness ojf 

loblolly-pine stringers treated partially air dry. | 



Natural 
B =■ Batts 



from the highest to the lowest, beginning with the highest 
value on the left. The modulus of rupture of the treated hal? 
of the test pieces (dotted lines) was then plotted on the same ver4 
tical line as the untreated pieces. The modulus of rupturq 
values for the natural beams are marked (B) or (T) to show! 
whether they are butts or tops. The values for modulus of 
elasticity for the same beams are plotted in the lower part of 
the diagrams. All values for the same beam are in the same 
vertical line. 
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Loblolly Pine. — Figure 17 shows that when the butts were 
treated the breaking strength of the butts and tops of the loblolly- 
pine stringers fell rather close together, while when the tops 
were treated the breaking strength values were much farther 
apart. This shows a weakening due to the treatment even con- 
sidering the lower breaking strength of the top stringers. The 
tests are too few to form a basis for definite conclusions. The 
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Fig. 18. — Effect of preservative treatment on the strength and stiffness of 

longleaf-pine stringers treated partially air dry. 



amount of weakening due to the treatment was probably not above 
17 per cent. The stiffness shows a greater weakening due to 
treatment than does the breaking strength. Both treated and 
untreated stringers showed a strength about 30 per cent, greater 
in the seasoned material than in the material tested directly 
after treatment. 

Longleaf Pine. — Figure 18 shows that the breaking strength 
of the longleaf pine stringers was apparently unaffected by the 
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treatment used. There was a slight reduction in the stiffness. 
In the air seasoned beams the untreated butt cuts were higher 
in strength and stiffness than the treated top cuts; but on the other 
hand, the untreated top cuts fell below the treated butts in 
strength and stiffness in nearly every" case. In the stringers 
tested immediately after treatment, there is less variation 
between the treated and untreated material. 

Douglas Fir. — Figures 19 and 20 indicate a marked weakening 
in the breaking strength of the Douglas fir stringers treated by 
the so-called ''boiling" process as used in this case. The average 
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Fio. 19. — Effect of "boiling process" of preservative treatment on the 
strength and stiffness of Douglas-fir stringers treated green and tested without 
seasoning. 

breaking strength of the treated stringers tested green and after 
seasoning is 33 per cent, and 39 per cent., respectively, less than 
the average strength of the natural stringers. In the green ma- 
terial no weakening is apparent in the stiffness. The seasoned 
stringers, however, show a falling off in stiffness in the treated 
material. 

Figure 21 shows the strength and stiffness of green Douglas 
fir treated by the so-called "steaming" process and similar 
natural stringers. The breaking strength was considerably 
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less in the treated material (35 per cent.), and the stiffness was 
sUghtly less. 

Small Pieces Cut from Stringers. — Table 5 shows that the 
sticks cut from the treated loblolly and longleaf pine stringers 
are in general weaker than those cut from the natural stringers, 
but the difference is slight except for partially air dry loblolly 
pine. Part of the apparent loss in strength of the treated mate- 
rial may be ascribed to its higher moisture content indicated by 
determinations for moisture in various parts of the cross sections 
of the treated timbers of these two species. 
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FiQ. 20. — Effect of "boiling process" of preservative treatment on the 
strength and stiffness of Douglas-fir stringers treated green, air seasoned and 
tested. 

In the Douglas fir treated by the boiling process and tested 
green, the average (Table 5) for the outside sticks shows a decrease 
in strength over the natural, with but little difference in stiffness. 
As compared with the natural sticks, the treated sticks cut 
from the interior of the main beams showed a more marked 
drop in strength and stiffness. The air dry material in all cases 
showed a decided decrease in the strength of the treated sticks. 
The decrease in stiffness was less marked. Part of this decrease 
may be accounted for by the higher moisture content of the 
treated pieces. 
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Special Tests on Small Pieces. — Table 6 gives a condensed 
summary of the results of a series of tests on small clear speci- 
mens (2 by 2 inches in section) of Douglas fir, longleaf pine, 
and shortleaf pine made to study the effect of the various steps 
used in the treatment of the full sized stringers. Eight sticks 
were subjected to each of the processes shown in Table 6. One- 
half of the sticks were tested shortly after treatment and one- 
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FiQ. 21. — Effect of "steaming process" of preservative treatment on the 
strength and stiffness of Douglas-fir stringers treated green and tested without 
seasoning. 



half after they had been piled in the laboratory long enough 
(5 months) to reach a practically constant weight. 

All the processes caused a reduction in the strength values of 
the unseasoned material of the three species with, in most cases, 
a recovery after seasoning, except in the tension tests. In these 
the weakening in the unseasoned material remained after season- 
ing in all processes but the creosote bath (next to last column). 

The shrinkage measurements on the steamed material, with 
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and without vacuum, showed less than 1 per cent, decrease in 
volume during treatment for all the species. After seasoning, 
a shrinkage of from 8.4 per cent, for Douglas fir to 10.6 per cent, 
for longleaf pine was recorded. Steaming and vacuum followed 
by creosoting showed a somewhat higher shrinkage for Douglas 
fir than for the pines, both in the unseasoned and air dry pieces. 
The creosote bath had Uttle influence on the shrinkage, the re- 
duction after seasoning corresponding closely to the shrinkage 
of untreated pieces. The pressure treatment following the creo- 
sote bath showed a somewhat higher shrinkage for Douglas fir 
than for longleaf or shortleaf pine. 

While the series of special tests does not explain the weakening 
in the Douglas fir stringers, it indicates that the trouble has to 
do with stresses in the full sized stringers, probably caused by 
rapid and unequal shrinkage during the process. 

Deductions. — 1. Timber may be very materially weakened 
by preservative processes. 

2. Creosote in itself does not appear to weaken timber. 

3. A preservative process which will seriously injure one timber 
may have little or no effect on the strength of another. 

4. A comparison of the effect of a preservative process on 
the strength of different species should not be made, unless 
it is the common or best adapted process for all the species 
compared. 

5. The same treatment given 'to a timber of a particular 
species may have a different effect upon different pieces of that 
species, depending upon the form of the timber used, its size, 
and its condition when treated. 



CHAPTER IV 

STRENGTH OF WOODfeN PRObUCtS 

Structural Timbers — Strength op the Principal StrTTC- 
TURAL Species — Characteristics Affecting the Strength 
OF Timbers — Characteristics Affecting Decay in 
Timbers — Relations Indicated by Tests — ^The Grad- 
ing OF Structural Timbers — Classification of 
Defects — Examples of Commercial Specifications 
AND Grading Rules for Structural Timbers — 
Working Stresses — Telephone Poles — Cross Arms — 
Packing Boxes — Compression and Drop Tests — 
Tests by a Revolving Drum Machine — Wooden 
Vehicle Parts — Spokes — Shafts — Axles — Poles — De- 
ductions from Tests 

The value of certain qualities in wood depends on the use to 
which the wood is put. Properties which are absolutely es- 
sential for one use may be of no particular importance for another. 
Tests on wooden products serve to show not only the suitability 
of different species for certain uses but also the strongest forms of 
the product. 

The following tests on structural timbers, telegraph poles, 
cross arms, packing boxes, and vehicle parts were made to com- 
pare proposed substitutes with material considered standard 
or to determine the possibility of improving standard forms so 
as to obtain a more satisfactory product with the same or a 
smaller amount of material. In all tests of this kind the con- 
ditions met with in commercial use were duplicated as nearly 
as possible. 

STRUCTURAL TIMBERS 

Strength op the Principal Structural Species 

Tests on the strength of structural timbers furnish the basis 
(1) for determining the proper working stresses and factors of 
safety to use in the design of timber structures, (2) for studying 
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the relation of the physical characteristics and defects of timber 
to its strength, and (3) for preparing grading rules and specifica- 
tions for various forms of structural timbers. . 

Table 7 shows average strength values for a number of the 
principal structural species.^ The averages for the bending 
tests are the results of tests on unseasoned' timbers ranging from 
4X10 inches to 8X16 inches in cross section for the structural 
sizes, and of tests on small (2"X2"X30") specimens (cut from 
large beams after test) free from defects. 

Many publications dealing with timber give results of tests 
made only on small, dear, seasoned specimens. Such values 
may be from one and one-half to two times as high as similar 
values from tests on large timbers and joists containing the 
ordinary defects. In applying to commercial material values 
derived from tests care should be taken to see that the com- 
mercial timber is of the same quaUty as the test timber or that 
the proper adjustments are made in the test values so that 
they may accurately represent the material in question. 

The two qualities of greatest value in the wood of structural 
timber are strength and durability. In order properly to 'select 
material for a given use, a knowledge of the influence which the 
visible characteristics of timber have on these two qualities is 
necessary. 

Characteristics Affecting the Strength of Timber 

The characteristics to be considered in judging the strength 
of timber are density of wood, direction of grain, rate of growth, 
moisture condition, proportion of sapwood, size and condition 
of defects, such as knots, checks, and shakes, and the position 
of the pith in the cross section. 

Density. — The strength, hardness, shock-resisting ability and 
stiffness of wood vary with its weight when the wood is in the 
form of small, clear, straight-grained pieces of the same moisture 
content. The relation of bending strength to dry weight for a 
single species (longleaf pine) is shown in Fig. 22. In this figure 
"each point represents a single test, the location of the point being 
determined by the bending strength (modulus of rupture) and 

^ For a more complete discussion see Forest Service Bulletin 108, "Tests 
Qf Structural Timbers." 



Tia, 23. — lUdstion between bending strenslh and 
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the dry weight (specific gravity) of the piece tested. The greater 
strength of the heavier pieces is evident. 

The relation of bending strength to dry weight for 113 different 
species is shown in Fig. 23. In tliis figure each small circle 
represents an average of about 60 tests made on five typical 
trees cut in one locality. The circles are located according to 
the average bending strength (modulus of rupture) and the 
average specific gravity of each group of tests. The solid circles 



!• 



Fia. 22. — RelatioD between bending strength and dry weight for longleni 
pioe. 

are for green material and the open circles for air dry material. 
The numbers show the species and locahty of growth. For ex- 
ample, the solid circle 3 shows the bending strength of green Eng- 
elmann spruce cut in San Miguel County, Colorado, and the open 
circle 3 shows the bending strength of air dry pieces cut from the 
same trees. Figure 23 shows that the heavier species tested had 
the greater average bending strength. From Figs. 22 and 23 
it is evident that as the weight increases the strength increases 



both in the case of pieces all cut from the same kind of wood and 
in the case of average values of many different kinds of wood. 



Pig, 24.— Douelaa fir (mngnified 50 tii 
wood ; C, aoQual ring — ooe year's growth. 
summer wood. 

In order to make use of this fact in grading timber, some way 
of estimating density from a visual inspection is necessary. 
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The character of the annual rings as shown on a cross section 
of the ends of a stick of timber furnishes s means of judging 
its strength. Wood is made up of concentric rings of growth. 
Each ring consists of two parts, springwood and summerwood. 
The springwood, as its name indicates, is formed first, and in the 
woods commonly used for structural purposes is the lighter- 



colored, softer part of the ring. The summerwood is built up 
later and is darker and denser (see Fig. 24). In certain woods 
the change from springwood to summerwood is distinctly marked, 
so that the proportion of summerwood in an annual ring or in a 
cross section can be (ilosely estimated. Figure 25 shows the weU- 
defined bands of summerwood and springwood in the ends of 
two loblolly pine beams. Summerwood is considerably heavier 
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than springwood. A number of tests on small pieces of suiiiihe!^ 
wood and springwood cut from wide-ringed loblolly pine showed 
•a density aiid strength about twice as great in the summerwood as 
iii tlh6 spriAgwood. The proportion of summerwood in a cross 
si^cUon of a %tick is theref ot^ d means of estimating its density 
and dtrengthk It dhould be i^rfiembered that density is the basi^ 
factor governing strength and that proportion of summerwood 
as a satisfactory indicator of strength is dependent on the dif- 
ference in density of the two parts of the annual ring and on the 
closeness with which these parts, can be differentiated. 

Rate of Growth. — The rate of growth is generally spoken of in 
rings per inch. The average rate of growth is determined by 
counting the annual rings on a radial line on the cross section 
and dividing the number of rings by the length of the line in 
inches. In the case of some of the species tested it appears 
that there is a rate of growth which is generally associated with 
the greatest density and greatest strength. For a number of 
the species tested this is: 

Rings per inch 

Douglas fir 24 

Shortleaf pine 12 

Loblolly pine 6 

Western larch 18 

Western hemlock 14 

Tamarack 20 

Norway .pine 18 

Redwood 30 

Longleaf pine 10 

However, density is the basic requisite for strength, and too 
much importance should not be given to the rates of growth as 
an indication of satisfactory material. 

Abnormal rates of growth, either fast or slow, in structural 
^timbers are frequently associated with material of low density, 
and timber with such growth should be regarded with suspicion. 
Very fast-grown wide-ringed timber is also comparatively diffi- 
cult to work and frequently wears irregularly. The use of nails, 
spikes, and screws in wide-ringed timber may give trouble on 
account of the width of the alternate hard and soft bands in each 
annual ring. 

Direction of Grain. — By grain is often meant the lines formed 
by cutting the rings of annual growth. If a stick is cut from a 
log in such a way that these lines run diagonally from one edge 
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of the stick to the other instead of parallel to the edges, the load 
that it will cany as a beam will be considerably reduced, and, 
moreover, failure will be more complete when it occurs. 

There is, however, another kind of cross grain, known as spiral 
grain, which is more difficult to detect than that just described, but 
whichalsoweakensthetimber and may cause unexpected complete 
failure; that is, a break in which the stick snaps in pieces. The 
wood of the conifers may be considered as built up mainly of elon- 
gated cells running lengthwise with the trunk, with a much smaller 
proportion <A cells in small bundles located at right angles to 



them and lying radially. These small bundles of cells are termed 
pith. rays. They are formed much as if a knife blade had been 
thrust radially into the tree crowding between the vertical cells. 
Figure 26 shows a mc^iufied piece of wood with the vertical cells 
and pith rays. The cross sections of the pith rays appear on a 
magnified tangential or flat-grained face of timber as figures 
tapering on each end, with the long axis vertical, and on a radial 
section as light-colored bands. In oak, for example, the pith 
rays are very much in evidence, and form the figures in quartered 
material. In the conifers, however, the pith rays are not gener- 
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ally noticeable. Not infrequently the cells of which a tree is 
built up follow a spiral course around the pith instead of lying 
vertically. Figure27showsa tree of this kind. In such trees the 
cross sections of the pith rays are also inclined or lie diagonally 
instead of vertically and form an indication of spiral grain. It is 
quite possible for a piece to be straight-grained, ao far as the 
annual rings are concerned, and still to have a spiral grain. Spiral 
grain is often indicated in seasoned material by the diagonal di- 
rection of fine surface checks which occur at the pith rays. In 
Fig. 28 are shown three views of a 
piece of spruce with spiral grain. 
The danger of using such material 
where strength is necessary is evi- 
dent. Failure due to spiral grain in 
a bridge stringer is shown in Fig. 29. 
Sphtting a block of wood radially 
will show whether or not it has spiral 
grain. 

Diagonal grain or spiral grain with 
art inclination of more than 1 in 20 
to the edge of a beam is apt to cause 
failure and should not be allowed 
in high-grade material. 

Moisture. — The effect of moisture 
on strength is very marked in small 
Pig. 27.— Tree with spiral grain, clear pieces of wood. ' In Fig. 23 
the strength of the green material 
averages about three-quarters that of the air-dry material, 
and small kiln dry pieces are frequently over twice as strong as 
similar green ones. In large pieces, however, the effect of 
moisture is much less. Under present methods of season- 
ing structural material, any increase in the strength of the 
wood fiber is frequently offset by the weakening effect of checks 
and shakes induced in the process, so that the strength of large 
seasoned beams is, on the average, increased little over that of 
green beams. In Table 8, values for green and air-seasoned ma- 
terial for a number of species are compared. The green material 
in each case is taken as having a value of 1.00 and the corre- 
sponding value for the air-seasoned material is given. The 
tests were made by dividing the shipments of each species into 
two parts, one of which was tested green and the other after 
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18. — -Spiral graiii in Sitka spruce. 



PlO. 20. — Faflure due to spiral btiuii. Views ot sido and bottom ,of contra! 
portion of 8" X 16" X 16' stringer after tost. It will bo mitcd tliat tho liiiea of 
f»iluM do not follow tlie visible grain (lines formed by cuttios tbo aoauol rinKs). 
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thorough air seasoning. While the results ahovr that, in general, 
all of the mechanical properties are increased by seasoning, this 
increase is irregular in the structural sizes. In the small sizes 
an increase in strength would of course be expected. It has 
been found that if the moisture content of a seasoned timber is 
increased it loses strength and that if it is thoroughly soaked with 



Fig. 30. — Croaa Bection of longleaf-piae tree ehowiiie sapwood and heartwood. 

water it will be weaker than when green. It is hardly safe in 
designing timber structures to depend upon an increase in 
strength in timbers due to seasoning. 

Sapwood. — The sapwood forms the layer between the bark and 
the heartwood. Sapwood is generally considerably lighter in 
color than the heartwood in the species commonly used for 
structural purposes. Figure 30 shows the heartwood and sapwood 
in a cross section of longleaf pine. As a tree grows, the sapwood 
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is continually changing into heartwood and new sapwood is 
constantly being added at the circumference. All of the heart- 
wood in a mature tree was at one time sapwood. The propor- 
tion of sapwood as such has no bearing on the strength of a stick 
of timber. If a tree is cut at a time when it is forming its densest 
wood so that this dense wood is still sapwood, pieces cut from the 
sapwood will be the stronger. If, on the other hand, it is cut 
later in life when the wood being formed as sapwood is not 
so dense and the denser wood has changed to heartwood, then 
pieces cut from the heartwood will be the stronger. In mature 
coniferous trees the sapwood is generally weaker than the 
heartwood. 
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Fig. 31. — Division of beam into volumes for location of knots. Measure- 
ment of knots on horizontal and vertical face of beam, d =» diameter of knot. 

Defects. — Knots, checks, and shakes are the most common 
defects affecting strength. In timber for use as beams, the in- 
fluence of knots on strength is largely a matter of location. 
Figure 31 shows a method of dividing a beam into three volumes 
with reference to the location of knots. Numerous tests have 
shown that knots occurring in Volume 1, which occupies the lower 
quarter of the central half of the beam, have considerably more 
weakening effect than similar knots occurring in other volumes. 
Loose or rotten knots are of course more harmful than those 
closely knit with the surrounding wood. A comparatively small 
knot situated near enough to the lower edge, of a beam to turn 
the grain off is more harmful than a larger knot so placed as to 
allow the grain to be continuous in passing. In some cases knots 
near the neutral plane (the horizontal plane passing through the 
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center of a beam) may act as pins and tend to strengthen the 
beam against failure in horizontal shear or splitting from end to 
end along the center. Figure 32 is a view of a beam that has 
failed in horizontal shear. In a series of tests* on loblolly pine 
beams those with knots in Volume 1 had about 75 per cent, of 
the strength of sticks with knots in the remaining portions. 
Tests on short columns' of Douglas fir, western hemlock, and 



Fio. 32.— View of beam at completion of test showing failure in horiiontal 
shear. Note that beam has split along center so that top half projects above 
lower half at end. AA, support for beam on weighing platform. BB, points 
where load is applied. C, head of screw press. D, straining beam. EE, 
fine wire stretched along center of beam. F, scale used with wire for D 
deflection of beam under load. 



western larch indicate that the crushing strength of material with 
knots is less thaii that of clear material. The decrease in strength 
was approximately 5 per cent, in columns with knots ^^ inch or 
less in diameter, from 10 to 15 per cent, in columns with knots 
between J^ inch and 1^^ inches in diameter, and from 15 to 20 
per cent, in columns with knots over 1)-^ inches in diameter. 
Checks are caused by the stresses set up in seasoning. Struc- 
tural timber in large sizes is difficult to season without more or 

' See Forest Service Circatar 164, " Properties and Uses of Southern 

"' See Forest Service Bvilelin X08, " Tests of Structural Timbers." 
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« 

less checking, even under favorable conditions; frequently it is 
so exposed as to cause the surface to dry much more rapidly 
than moisture can be transmitted from the inner portions to 
the surface. The outer portions dry and shrink while the center 
is still wet, and checking results. 

A shake is a separation between two annual rings. Generally 
the separation occurs in only part of the ring, but sometimes it is 
complete. Shakes are ascribed to the bending action of wind 
on the standing tree. They are frequently not visible in green 
timber, but show up later during seasoning. 

Both checks and shakes weaken beams in their ability to resist 
horizontal shear in proportion as they affect the area of the beam 
near the neutral axis. When a load is placed on a beam supported 
i at the ends, the beam has a tendency to shear or split lengthwise 
I along the center of the vertical side and form two beams, each 
' one-half the size of the original beam. If the beam is already 
i partially separated along the center by checks and shakes, it 
is obvious that it will be more easily split along this plane than 
if the area is intact. 
; In the case of a stringer, 8 X 16 inches in section, tested in 

\ bending over a 15-foot span, failure may occur by tension or tear- 
ing apart of the fibers in the lower part of the beam, by compres- 
sion or crushing in the upper part, or by shearing along the neutral 
axis. The results of shearing tests on small, clear pieces show 
that, under the conditions given, failure would always occur in 
tension or compression long before the beam could reach its 
maximum shearing stress, provided the shear-resisting area was 
intact. In tests on commercial material, however, horizontal 
shear is a common form of failure, which is due to the fact that 
the area that resists shear is frequently weakened by checks and 
shakes. A comparison of the stresses obtained from tests on 
8-inch by 16-inch by 16-foot stringers and from those in small 
clear pieces shows that the ehear-resisting area in commercial 
material is frequently reduced about 50 per cent, by checks 
and shakes. Table 9 shows the calculated shearing stresses 
developed in structural beams of a number of species. 

Table 9 separates the timbers tested into three groups: (1) 
Those which failed first in horizontal shear, (2) those which had 
secondary failures in horizontal shear, and (3) those which did 
not fail in horizontal shear. The number of specimens falling 
into each group is given as a percentage of the total number 
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of specimens tested. It will be noticed that of the seasoned timbers 
from 6 to 56 per cent, failed first in shear, and that in Douglas 
fir, loblolly pifte, and western hemlock a considerable proportion 
had secondary failures in horizontal shear. These figures 
indicate strongly the need of taking horizontal shear into con- 
sideration in the design of timbers tructures. They also show the 
necessity of using stresses much lower than those indicated by 
tests on small clear specimens. In short, deep beams special 
attention should be given to horizontal shear. 

Position of PiUi in Cross Section. — Timbers containing the 
pith or center of the tree are frequently spoken of as " boxheart. " 
When the timber was tested in bending, failure occurred more 



1- Pitb not In CiDM-Su^tion Blnsi Vtctkal 

2- Eine* Hgrliontal 

a-Flth within Ciator Hull of Ci»i«-S«ctloii 
I- ■' >■ Upper or Lowsl QuuCan of Crau.S*etloil 

PlO, 33.— Various poaiUons of pith in cross BecUon. 

frequently by longitudinal shear when the pith was in the center 
half of the cross section than when it was in the upper or the 
lower quarter. Vertical grained structural material was also 
more apt to fail by longitudinal shear than material with the 
grain horizontal. In material with the pith near the center 
of the cross section or with the grain vertical, radial checks are 
apparently able to exert their greatest influence in weakening 
the area that resists longitudinal shear. Figure 33 shows the 
various kinds of cross section that may occur with reference 
to the pith. 

CHARACTEaiSTICS AFFECTING DbCAT IN TiMBEB 

Conditions in the Wood Itself. — The characteristics to which 
special attention is given in judging the durabiUty of any one 
wood are the proportion of sapwood, the moisture condition, 
the amount of resin, and the general condition of the piece with 
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reference to sap stain, which may indicate incipient decay, and 
with reference to defects which often form the starting places for 
decay. Marked variation from the characteristic color often 
indicates incipient decay, especially when it gives a streaked 
or spotted eflfect. Some of the blue stains noticeable in sapwood 
are not injurious to the timber; but if abnormal color is associated 
with punkiness or softness noticeable by pricking the wood with 
a knife blade, it is highly probable that there is decay. Past 
records of the durability of various woods under the same con- 
ditions will give the best criterion of their relative decay-resisting 
ability for a certain use. Little is known of the reason why 
certain woods are more durable than others. In the case of 
mechanical properties, such as strength, stiffness, and hardness, 
practically all of them arei dependent on the density or dry 
weight of the wood; and it is quite safe to calculate that the 
heavier the wood the higher will be the values for its me- 
chanical properties. The durability of various woods, however, 
has apparently nothing to do with their density. The heavier 
species are not necessarily the most durable; some of the lighter 
woods, such as cedar and redwood, have excellent lasting prop- 
erties, . while some of the heavier hardwoods, such as hickory 
and red oak, are notably less decay resisting; and, on the other 
hand, the lighter woods, basswood and cottonwood, are not 
durable, while the heavier woods, osage orange and locust, are 
durable. Table 10 gives the estimated life of a number of unr 
treated woods in several forms. 

In pr^ictically all woods the sapwood is less resistant to decay 
than heartwood; therefore in timber that is to be used without 
preservative treatment, the proportion of sapwood has an im- 
portant bearing on the value of the material. In the smaller 
sizes of structural timber, 2 X 10, 6 X 8, etc., frequently no sap at 
all is allowed. In the larger sizes, 10 X 12 and 8 X 16, two inches 
of sap is often allowed on several edges, or its equivalent on one 
edge. Where the timber is to be given stn antiseptic treatment, 
sapwood is not generally considered detrimental; for it takes 
treatment more easily than heartwood, and when properly treated 
should be equally as decay-resistant as the treated heartwood. 

The moisture condition of structural timbers has had but Kttle 
attention until the last few years. The amount of moisture in 
timber to be used in interior construction, especially in poorly 
ventilated places, is of considerable importance from the stand- 
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Table 10. — ^Lifb op Untreated Wood 

The estimates given are based on Forest Service experiments and general 
information. The durability of wood will vary from the estimated averages 
with local conditions. 



Specie 



Ties properly 
tie plated 



Poles 



Poets 



Lumber 
plaoed under 
conditions sub- 
jecting it to 
decay 



Black locust 

Redwood 

Osage orange 

Cypress (heart) 

Mulberry 

Yew 

Eastern red cedar 

Western juniper 

Northern white cedar.... 
Southern white cedar . . . 

Western red cedar 

Port Orford cedar 

White oak 

Oatalpa 

Chestnut 

Longleaf pine 

Douglas fir 

Red spruce 

White pine 

Western yellow pine. . . . 

Sugar pine 

Engelmann spruce 

Elm 

Red oak 

Lodgepole pine 

Aspen 

Ash 

Hemlock 

Tamarack 

Sitka spruce 

Birch 

Maple 

Alpine fir 

Loblolly pine 

Red gum 

Western larch 

Poplar 

Cottonwood 

Tupelo 

Basswood 

Beech 

Sycamore 



years 

20 or over 
10 to 12 

10 to 12 



10 to 12 



10 to 12 
6 to 8 

6 to 8 
6 to 8 
6 to 8 
6 to 8 
3 to 5 
3 to 6 



3 to 5 
3 to 5 



3 to 5 
3 to 5 

3 to 5 
3 to 5 

3 to 5 
3 to 5 
3 to 5 



3 to 5 



years 

12 to 15 
12 to 15 



12 to 15 
6 to 8 
9 to 11 

6 to 8 

12 to 15 
6 to 8 
6 to 8 



2 to 5 



2 to 5 



2 to 5 



years 
Over 15 

12 to 15 

Over 15 

12 to 15 

Over 15 

Over 15 

12 to 15 

Over 16 

12 to 15 

6 to 8 

9 to 11 

6 to 8 
12 to 15 
9 to 11 
6 to 8 
6 to 8 



2 to 5 

6 to 8 

2 to 5 
2 to 5 
2 to 5 
2 to 5 

2 to 5 
2 to 5 



2 to 5 
2 to 5 
2 to 5 



years 
12 to 15 
12 to 15 



12 to 15 
12 .to 15 
12 to 15 

6 to 8 

12 to 15 
9 to 11 
9 to 11 
6 to 8 
6io8 
6 to 8 
6to8 



'6 to 8 


3 to 5 


3 to 5 


6 to 8 


6 to 8 


3 to 5 


3 to 5 


3 to 5 



3 to 5 
3 to 5 
3 to 5 
3 to 5 
3 to 5 
3 to 5 
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point of durability. Many instances are on record where struc- 
tural timber of high quaUty has been used in mill construction 
without proper drying and has become infected with so-called 
''dry rot'' within a year or two after its placement, while timber 
of the same quaUty, but properly seasoned, has given satis- 
faction under similar conditions for ten or fifteen years. Tim- 
ber put in position green is also Uable to shrinkage or distortion, 
which under certain conditions may be very objectionable. 

It is not always easy to judge the condition of seasoning of 
structural timber from a visual inspection. The number and 
character* of checks will give some idea as to the seasoned condi- 
tion, and the amount of weathering on the sides and ends is 
also a rough indicator of the moisture condition. If it is possible 
to weigh the pieces, their weights may be compared to calculated 
weights of the same sized sticks of dry material (see Table 3, 
Chapter II) ; and if th^y are very wet, the actual weights will 
show a considerable excess over the calculated weights for air dry 
timber. A more definite method is to calculate the moisture 
from borings made in representative places on the sides of the 
stick. An inch bit is satisfactory. The depth of the hole varies 
with the size of the stick, half or a third of the way to the center 
being considered deep enough. The borings are collected and 
weighed immediately and then dried to constant weight at ap- 
proximately 212° F. (100° C.) and weighed again. The diflference 
between the two weights, divided by the dry weight, and multi- 
pUed by 100 gives the moisture content of the stick in per cent, 
of the dry weight. If more than one boring is made, the results 
are averaged. 

Defects, such as checks and knots or knot holes, should be 
carefully inspected, as they form excellent places for the lodge- 
ment of the spores of fungi; and if any incipient decay is indicated, 
the piece should either be thrown out or steps taken to check the 
decay before putting the timber in use. 

Inspections of a number of buildings which have given trouble 
on account of decay have shown that any one of the following 
causes may result in rapid deterioration of a building: 

1. The use of green timber. 

2. Allowing timber to get wet during construction. 

3. Leaks or lack of ventilation, allowing the timber to absorb 
moisture after the building is finished. 

4. The use of timbers containing too much sapwood. 
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5. The use of timbers which have akeady started to decay. 

The avoidance of these conditions will, as a rule, prevent decay. 
In special cases, however, decay can only be prevented by 
preservative treatment. Wood that has been in 'contact with 
damp ground usually contains the right amount of moisture for 



Fia. 34. — Decay ia braces at a joint where 

decay. Also, where timber is in contact with wood or other 
material water frequently collects in the joints and keeps the wood 
moist and in a condition favorable to decay. Figure 34 shows a 
condition of this kind. 
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The presence of resin in wood keeps out moisture and air, 
and in this way it acta as a preservative although it is not highly 
poisonous to wood-destroying fungi. It is quite a common 
occurrence to find lying in the woods pine logs which at first sight 
are apparently in a fair state of preservation, but of which the 
sap is found on examination to be entirely decayed, the only 
portions remaining sound being such parts of the heart as are 
permeated with resin. It is also a well-known fact that fence 
posts chosen from pitchy materia! last longer than similar posts 
■ from wood with a small pitch content. While a high per cent, 
of resin undoubtedly adds markedly to durability, the effect of 
the amount of rosin generally found in structural timber is not 
definitely known.' 



Agencies that Destroy Wood. — The principal agencies that 
destroy wood are fungi, insects, and borers. 

Decay in timber is generally due to the walls of the cells, of 
which wood is built up, being eaten by certain fungi. The life 
of a wood-rotting fungus has two stages: (1) the mouldlike vege- 
tative stage, during which the cottony threads or mycelium 
penetrate through the wood (Fig. 35); and (2) the fruiting 
stage, during which the shelflike or "toadstool" outgrowths, or 
in some cases, merely surface incrustations, are formed (Figs. 
36, 37, and 38). The fruit bodies produce spores, and these blow 
about like seeds and, if they lodge whfere growth conditions are 
right, germinate to produce the cottony threads which rot the 
timber. The fungus may also spread directly by the myceUum's 

' Mr. F. J. Hojcie of the Associated Factory Mutual Fire Insurance Com- 
panies of Boston discusses the question in detail in his book, "Dry Rot in 
Factory Tlmbera." 



passing from diseased to adjacent sound timbers, as shown in 
Kg. 39. 



Fta. 36. — fruiting body of wood-rotting fungus od a board from a clay mine. 

The growth of fungus is dependent on food, moisture, tempera- 
ture, and at least a small amount of air. A large part of wood 



Fia. 37. — Musbroom on a rotten log. Fio. 38. — A surface tungouB growth. 

substance is suitable for fungus food. In badly decayed pieces 
about 70 per cent, of the original weight has been lost. A con- 
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Biderable amount of moisture is necessary for rapid decay. Air 
dry timber containing about 20 per cent, moisture will not rot in 
dry weather; but during continuous rainy, damp weather enough 
moisture may be absorbed from the air to start decay. Wet 
\og^ buried deeply will stay sound because sufficient air to sup- 
port fungous growth can not get to them. Different temperatures 
exert a marked influence on decay. Each wood-rotting fungua 
has an optimum for rapid growth. Most thrive around 80° F. 
Comparatively small rises above the optimum are often fatal. 
It is good practice to heat wooden factory buildings thoroughly 
soon after completion in order to kill surface growth of fungi. 
Low temperatures are not harmful to them; practically all fungi 
survive the severest winters. The fruit bodies or spores of 



Fio. 39. — Spread of fungus by contact. A, open abed where infectioD hag 
spread upward from derayed piece on srouad. B, corner of building where 
infection has spread from decayed sill. 

fungi are known to have remained alive for as long as eight years 
when in a dry condition. 

Insects damage timber by excavating burrows or galleries in 
the wood. Round timber, rough or dressed lumber, and finished 
wood products are all subject to attack. Construction timber, 
and other wood materials used in buildings, bridges, railroad 
construction, mining, etc., are often infested by wottd-boring 
grubs, powder post borers, white ants, and other insects. It is 
often difficult to estimate the extent of the injury to timber from 
insects by the evidences of their work on the surface. Pieces of 
timber showing signs of containing active borers should of course 
not be used in building, as the insects may weaken the pieces 
and spread to others. Borers may enter the log through a single 
small hole and then excavate a great many winding burrows 
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whoBe extent can not be estimated from a surface inspection. 
Timber borers may be either beetles or worms. The powder 
post beetle, whose work is illustrated in F^. 40, ia one of the 
common wood borers. These beetles attack the sapwood of 



partly or thoroughly seasoned hardwoods, especially ash, hickory, 
and oak.- They do not attack the heart wood, ^ White ants^ or 
termites, black ants, and carpenter bees are other wood-boring 

'See Farmers' Bulletin 778, U. S. Department ot .^riculture, "Powder- 
Post Damage by Lyctua Beetles to Seasoned Hardwood," by A. D. Hopkins 
and T. E. Snyder, Bureau of Entomology. 

•See Farmers' Bulletin 759, U. S. Department of Agriculture, "White 
Ants as Pests in the United States and Methods of Preventing their Dam- 
age," by T. E. Snyder, Bureau of Entomology. 
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insects. Termites sometimes cause an almost complete destruc- 
tion of the timber attacked by leaving nothing but an outer 
shell. They operate principally in the more southern States. 

Marine borers which operate in the water on piling, dock 
timbers, the hulls of wooden vessels, etc., are of two general 



forms commonly known as "shipworms"' and "wood lice."* 
Shipworma bore into wood exposed to their attack under the water 
when they are very young. The hole by which the worm enters 
the wood is minute but the cavity is enlarged rapidly inside the 

' The name includes the mollusks, zylotrya, and teredo. 

> The name includes the cruataceans, limnoria, chelura, and ephceroma. 
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timber to accommodate the growing body. In rare cases a length 
of 6 feet with a diameter of 1 inch is said to be attained. Of 
the crustacean borers, Umnoria is the most common. It is 
about the size of a grain of rice and bores countless galleries in 
the wood close together, which so weaken the surface of the 
timber attacked that it is washed off by wave action and new 
wood exposed to attack. Figure 41 shows a portion of a pile 
destroyed by both classes of borers. 

Alkaline soils, birds, and sap stain are other agencies of less 
importance than fungi, insects, and marine borers but which 
cause deterioration in timber. 

Relations Indicated by Tests of Structural Timbers 

1. All the species tested seem to be subject to the same 
general laws regarding the relation of mechanical to physical 
properties. 

2. The proportion of summerwood in structural timber is a 
means of judging its density and strength. 

3. Seasoning can not be counted on to strengthen structural 
timbers. 

4. Seasoning increases the liability to failure by horizontal 
shear. 

5. The strength of beams is seriously lowered by knots or ir- 
regular grain in the center half near the lower edge. 

6. Timbers that have been seasoned and soaked are not as 
strong as they were before seasoning. 

7. The presence of knots generally indicates wood of low den- 
sity and strength, such as is common in top logs. 

8. Diagonal grain or spiral grain is a serious defect in structural 
timber. 

9. Certain rates of growth in some species are generally as- 
sociated with strong material, but rate of growth should not be 
depended on to indicate satisfactory timber. 

10. The use of green timber, timber with considerable sapwodd, 
and timber with incipient decay is frequently the cause of dete- 
rioration in buildings. 

11. Structural timbers that show signs of containing ac- 
tive wood borers should not be used in permanent building 
operations. 
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The Grading op Structt^ral Timbers 

The purpose of grading rules for structural timbers is to make 
possible the separation of such material by inspection into groups 
or grades, so that each stick in a certain grade will be of approxi- 
mately the same value for certain purposes.^ 

Until recent years, large quantities of high-grade timber suit- 
able for engineering construction were available in the United 
States, so that little necessity was felt for economy in sizes or 
careful quaUty grading. Engineers and builders demanded and 
received structural timber of the highest quahty. There was 
an ample supply in the forests to cut from, and timber of ques- 
tionable quality was left. Years of heavy cutting in the finest 
stands of structural timber, naturally, have had their effect, 
and in many localities it is now somewhat difficult to obtain 
shipments of the highest quality material. The practice of 
cutting timber of an intermediate or poor quality, as well as 
high-class timber, into structural material and the growing ten- 
dency to place these timbers of various qualities on the market 
has made the question of grading rules and methods of inspection 
of increasing importance. 

Lumber manufacturers' associations have done much to stand- 
ardize the grading rules for different species and classes of 
timber. Many grading rules, however, are based entirely on 
the number and character of defects in the pieces; and while 
this basis of classification has proved fairly satisfactory in grad- 
ing sawmill products, such as lumber and boards for the wood- 
working industries, it has not been very effective in separating 
structural timbers according to strength. 

The American Society for Testing Materials was the first 
technical association to formulate a specification for structural 
timber in which the position of defects was considered. This 
specification was based on tests of structural timbers made by 
the Forest Service and other agencies. The introduction of such 
a specification was a distinct step forward, as it has been abun- 
dantly proved in tests that a beam with large knots close to the 
edges and near the center of the span is not as strong as a similar 
beam with the same number and kind of knots differently located. 

^ A timber specification is a set of requirements prepared with the intention 
of having any piece of timber that fulfils the requirements suitable for a 
given purpose. Grading rules are generally prepared by the timber producer 
and specifications by the timber user. 
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The strength, or mechanical properties, of timber is dependent 
upon the quality of the wood, irrespective of defects as well 
as upon the location, number, and condition of defects. This 
quaUty is indicated by the dry weight of the wood, i.e., the 
heavier the wood or the greater its specific gravity, the greater is 
its strength, stiffness, toughness, etc. The relative dry weight 
of different pieces of wood may be judged by comparing the pro- 
portion of summerwood in their cross sections. By summerwood 
is meant the darker harder portion of the annual rings. The in- 
corporation in grading rules of some requirement covering the 
quality of the wood has been advocated by the Forest Service 
for a number of years, and recently the American Society for 
Testing Materials and the Southern Pine Association have 
adopted rules which provide for the quality of the wood itself, 
as well as Umit the position, size, and condition of defects. The 
first definite commercial application of inspection by the pro- 
portion of summerwood in the annual rings was the employment 
of the so-called '^density rule" by the Panama Canal in the in- 
spection of a large shipment of southern yellow pine over which 
a controversy had arisen. 

Engineers and architects have for some time been unneces- 
sarily confused by the large number of different grading rules for 
structural timbers that are in use in the United States. Prac- 
tically all of the lumber associations have adopted rules for the 
purpose of classifying the lumber manufactured by their mem- 
bers. The railroads also have specifications under which their 
timber is bought, and a number of the engineering societies have 
from time to time brought out timber specifications or grading 
rules. Often when it is desired to consider the use of a' new 
species for structural purposes, it is impossible with the present 
confusion in grading rules for the purchaser to select a different 
species with any definite assurance that the grade of material 
he selects corresponds in strength with the grade of material 
he has been using. Many of the present rules are either very 
general and loose, leaving everything to the opinion of the in- 
spector, or else so rigidly drawn as to exclude much timber of 
high strength. 

The most efficient grading rules are those which will exclude 
material not suitable for the purpose intended and at the same 
time will not exclude more than a reasonable amount of material 
belonging in the grade. The most important point is that no 
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pieces which it would be dangerous to use are passed by the rule, 
and that in keeping out the dangerous material the smallest pos- 
sible amoimt of material is excluded that really belongs in the 
grade from the standpoint of strength. Grading rules should be 
based on test data and a knowledge of the requirements of the 
trade and the ability of the producer to meet these requirements. 
Under present conditions in the lumber industry, practical grad- 
ing rules for structural timber must be simple and such that the 
timber can be inspected in a reasonable time, in addition, of 
course, to dividing the timbers satisfactorily into groups con- 
taining pieces of approximately the same strength. 

The two properties essential in structural timber are strength 
and durability, and the degree to which it possesses these proper- 
ties, i.e., the more load it will carry and the longer it will last, 
the greater will be its value. The quality of the wood as in- 
dicated by the character of the annual rings in the cross section 
and the location and size of defects makes it possible to classify 
timber from the strength standpoint. Durability is judged 
largely from the proportion of sapwood, which decays much 
more quickly than heartwood. Little is known of the effect 
of density in any one species; i.e., whether a heavy piece of Doug- 
las fir is more durable than one of lighter weight has yet to be 
proved. A high per cent, of resin is favorable to durability. 
The moisture condition of structural material from a durability 
standpoint is an important consideration. ' Seasoning is espe- 
cially necessary for inside work. 

Classification of Defects. — In grading timber the question of 
classifying knots and limiting such defects as wane, ring shakes, 
etc., frequently arises. The following definitions and illustra- 
tions (Figs. 42, 43, and 44) give what is considered good practice 
in defining and classifying various characteristics of wood. The 
definitions are practically the same as those adopted by the 
American Society for Testing Materials and are very similar 
to those adopted by the Southern Pine Association and the West 
Coast Lumbermen's Association. 

Classification of Defects in Structural Timber 

Knots. — Knots are caused by growing branches or by dead branches ad- 
hering to the trunk during the process of growth of the tree. They are 
classified as follows: 



Encased knot 



Flth koot HotteD knot 

Pla. 42. — ClasBifi cation of knots according to quality. 
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Pin knot (not ovat ^" in diameter) 



Large knot (over 1^" in diameter) 
B 
,Fi(3. 43. — ClassiGcation of knots according (o (ana (.A) aod aiie (8). 



Sound 
I ^^ I Ro d Loose 

Sice I Standard Form ( „ .. Quality Encased 

[ Large ' Rotten 

Pith 



A pin knot is a sound knot not over ^ inch in average diameter. 
A atandard knot is a sound knot over J^ inch but not over 1^ ii 
average diameter. 



Fio. 44. — Cross section of timber showing several kinds of defects. 

A large knot is a sound knot more than l}i inches in average diameter. 

A round knot ia one which ia oval or circular in form. 

A ipike knot ia one sawn in a lengtliwise direction. 

A sound knot is one soUd across its face and aa hard as the wood it is in. 
It is so fixed in the piece as to retain its position. 

A loose knot is one not firmly held in place. 

An encaaed knot is one surrounded wholly or in part by bark or pitch and 
not intei^rown with the adjacent wood. 

A rotten knot is one not as hard as the surrotinding wood. 
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A pith knot is a sound knot with a pith hole not over J^ inch in diameter 
in the center. 

Pitch Pockets. — Pitch pockets are openings between the annual rings 
containing more or less pitch or bark. They are classified as follows: 



Size 



Small 

Standard 

Large 



A srnaU pitch pocket is one not over }i inch wide. 

A standard pitch pocket is one not over % inch wide, or 3 inches in 
length. 

A large pitch pocket is one over % inch wide or 3 inches in length. 

Pitch Streak. — A pitch streak is a well-defined accumulation of pitch at 
one place in a piece of timber. 

Wane. — Wane is irregularity on the edge of a piece of lumber due to the 
presence of bark, or breakage, or the absence of wood. 

Ring Shakes. — A ring shake is a curved sUt or opening between the annual 
rings in a piece of timber. A through shake is a ring shake which extends 
from one face to an adjoining or opposite face. 

Checks. — A check in a piece of timber is a spUt or opening, generally at 
right angles to the annual rings on a cross section and often caused by rapid 
seasoning. A through check extends from one face to another of a piece. 

Rot. — Rot is any form of decay. It may be evident as a dark red dis- 
coloration not found in the sound wood or as white or red soft spots. 

Cross Grain. — Cross grain occurs in a piece of timber when the fibers 
of the wood are not parallel to the edges. It may be of two kinds : 

Diagonal grain is present when the piece is not sawed parallel to the 
annual rings and, consequently, the lines formed by cutting the annual 
rings run diagonally across the stick. 

Spiral grain is caused by the fibers of the wood growing spirally around the 
pith of the tree instead of vertically parallel to the pith. 

, Various Grading Rules. — The following are examples of speci- 
fications and grading rules for structural timber adopted by rail- 
roads, lumber associations, etc. 

Chesapeakb and Ohio Railway Company 

Specifications for Longleaf Yellow Pine 

All lumber must be cut from living timber of good quality, and must 
be free from splits, shakes, loose or decayed knots, or defects which 
impair its durability. It shall be well manufactured to the size ordered, 
and must be of longleaf virgin pine; no shortleaf yellow pine, bull pine, or 
loblolly pine will be accepted under this specification. 
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Y. P.i 1 



Bridge guard rails, platform joists, signal masts, bumper posts, 
mail crane posts, trestle posts, cattle guards, semaphore posts, sills and 
braces, water-tank frames, and dock timbers. 

All square lumber shall show two-thirds heart on two sides and not 
less than one-half heart on the other two sides. Other sizes shall show 
two-thirds heart on faces, and show heart on two-thirds of the length 
on edges, excepting where the width exceeds the thickness by 3 inches 
or over; then it shall show heart on the edges for one-half the length. 

Y. P.2 

Bridge cross ties, bridge stringers, water-tank joists, scale timbers, and 
trestle caps. 

On all square sizes the sap on each corner shall not exceed one-sixth 
the width of the face; when the width does not exceed the thickness by 
3 inches to show one-half the heart on narrow face the entire length; 
exceeding 3 inches to show heart on narrow face the entire length; sap 
on wide faces to be measured as on square sizes. 

Y.P.3 

Boards and plank. for flooring. 

Boards and plank 9 inches and under wide to have at least one heart 
face and two-thirds heart on opposite side; boards and planks over 9 
inches to have not less than two-thirds heart on both sides. 



Chicago Great Western 

* 

Standard Specifications for Southern Yellow Pine Bridge and 

Trestle Timbers 

(To be applied to single sticks and not to composite members) 

Note. — The "Standard Heart Grade" is intended for general use in 
bridges and trestles, while the "Standard Grade'' is intended for false- 
work, trestles for filling, and for other temporary construction. 

1. Except as noted, all timbers shall be sound, sawed to standard size, 
full length, square cornered and straight; shall be close grained and free 
from defects such as injurious ring shakes and cross grain, unsound or 
loose knots, knots in groups, decay, or other defects that will materially 
impair its strength. 

2. Rough timbers sawed to standard size means that they shall not be 

* Y. P. = yellow pine. 
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• 

over H inch scant from the actual size specified. For instance a 12 by 
12-inch timber shall measure not less than llJi by 11^ inches. 

3. Standard dressing means that not more than }i inch shall be allowed 
for dressing each surface. For instance, a 12 by 12-inch timber, after 
being dressed on four sides, shall measure not less than llj^ by IIH 
inches. 

Standard Heart Grade, Longleaf Yellow Pine 

4. Stringers shall show not less than 85 per cent, heart on the girth 
anywhere in the length of the piece; provided, however, that if the 
maximum amount of sap is shown on either narrow face of the stringer, 
the average depth of sap shall not exceed H inch. Knots greater than 
IK inches in diameter will not be permitted at any section within 4 
inches of the edge of the piece, but knots shall in no case exceed 4 inches 
in their largest diameter. 

Douglas Fir and Western Hemlock Bridge and Trestle Timbers 

(To be applied to single sticks and not to composite members) 

Note. — The "Standard Heart Grade" is intended for general use in 
bridges and trestles, while the "Standard Grade" is intended for 
falsework, trestles for filling, and for other temporary construction. 

Standard Heart Grade 

1. Standard Heart Grade shall include yellow and red Douglas fir and 
western hemlock, white Douglas fir will not be accepted. 

2. All timber shall be live, sound, straight, and close grained, cut 
square cornered, full length, not more than K inch scant in any 
dimension for rough timber or K inch for dressed timber; free from large, 
loose or unsound knots, knots in groups, or other defects that will ma- 
terially impair its strength for the purpose for which it is intended. 
Subject to inspection before loading. 

3. Stringers shall show not less than 90 per cent, heart on each side and 
edge, measured across the surface anywhere in the length of the piece. 
Shall be out of wind and free from shakes, splits, or pitch pockets over J^ 
inch wide or 5 inches long. Kilots greater than 2 inches in diameter 
will not be permitted within one-fourth of the depth of the stringer 
from any corner nor upon the edge of any piece; knots shall in no case 
exceed 3 inches in diameter. 

4. Caps, sills, and posts shall show not less than 85 per cent, heart on 
each of the four sides, measured across the surface anywhere in the 
length of the piece. Shall be out of wind and free from shakes, splits, or 
pitch pockets over J^ inch wide or 5 inches long. Knots shall not 
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exceed one-fourth of the width of the surface of the piece in which they 
occur and shall in no case exceed 3 inches in diameter. 

5. Longitudinal struts or girts, X braces, sash and sway braces 
shall show one side all heart, the other side and two edges shall show not 
less than 85 per cent, heart, measured across the surface anywhere in 
the length of the piece. 

Chicago, Burlington and Quincy Railroad Company 

Construction Timbers 

Must be sawed full size, square edged and be sound and well manufac- 
tured. Must be free from black or rotten knots; or from knots, checks, 
or pitch seams large enough to weaken the piece in any way. 

Chicago and Northwestern Railway Company 

Specifications for Timber 

Must be well manufactured from hve timber, no black, large or weak- 
ening knots, cut full size, exact. It is understood that shipments on this 
order are subject to inspection and acceptance at destination. 

Pennsylvania Railroad 

Longleaf Yellow Pine 

Longleaf yellow pine shall be cut from sound, live timber, well manu- 
factured, full size, saw butted and square edged, unless otherwise 
specified. 

Merchantable shall show some heart the entire length on one side for 
pieces 9 inches and under and on two opposite sides for pieces over 9 
inches. On 10 per cent, of the pieces for any one size wane one-eighth 
the width and one-fourth the length of the piece may be allowed on one 
corner or its equivalent on two comers. 

YeUow Fir 

Common car sills and framing shall be cut from sound, live timber, 
well manufactured, full size, and free from rot, shakes, unsound knots, 
cross grain, bark or wane edge. 

This grade will admit sap, any number of sound knots, provided they 
are intergrown and not in clusters and do not exceed one-fourth the 
width of the piece, and pitch pockets or pitch seams which do not 
weaken the piece for the purpose intended. 
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Grand Trunk Railway System 

Stringers, caps, guard rail, bridge ties, tank posts. 

Longleaf Yellow Pine, 90 Per Cent Heart 

Illinois Central Railroad CIJompany 

Specifications for Pine and Cjrpress Bridge Timber 

General Specifications for All Kinds of Pine Timber 

All timber shall be sawed from sound live trees and shall be cu. 
square and out of wind, with adjacent faces at right angles to each othert 
No piece shall vary more than one-quarter of an inch less than the speci- 
fied dimensions. All timber shall be free from thorough, round or 
injurious wind shakes, large, loose, grouped or unsound knots, pitch 
seams, red heart, decay or other defects which may impair the strength 
or durability of the timber. 

Class "A." — Timber in this class shall be two-thirds heart faces 
except when it is specified that there shall be two-thirds heart on 
edges. Nothing but longleaf yellow pine accepted. 

Class " B. " — Timber in this class shall be 85 per cent, heart. Nothing 
but longleaf yellow pine accepted. 

Class "C." — Timber in this class shall be square edged and sound, 
and unless longleaf yellow pine is specified, shortleaf pine and loblolly 
are preferred. 

Specifications for Timber to be Used in Building Construction 

All building material shall conform to classification of the Yellow 
Pine Manufacturers' Association,^ adopted at New Orleans, January 24, 
1906. 

Platform plank shall have one heart face, except that 1-inch sap will 
be allowed on one corner of this face — no sap restrictions on opposite 
face. 

Specifications for Cypress Timber 

All cypress timber shall be of the red cypress variety, or what is 
usually called "Louisiana Cypress." It shall be divided into several 
grades, corresponding to the above division for pine timber, in accord- 
ance with the use to which it is to be put, and shall be generally classed as 
merchantable heart timber, free from extensive honey-comb peck. 
Timber shall not be rejected on account of small wind shakes running 
in one direction only, provided the timber can be used so that such 
shakes are vertical or at right angles to the bearing faces of the timber. 
Timber containing extensive honey-comb peck, black, rotten knots and 

* Disbanded and succeeded by the Southern Pine Association. 
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holes shall be rejected. Sap wood may be permitted in the several cases 
as specified above for yellow pine timber. 

Specification Adopted by the Panama Canal for Southern Yellow 

Pine Structural Timber 

Yellow pine must show on the cross section, between the third and 
fourth inch, measured radially from the heart center or pith, not less 
than six annual rings of growth, a greater number of which shall show at 
least one-third summerwood, the dark portion of the rings of growth. 
Wide-ringed material excluded by this rule will be acceptable, provided 
that in the greater number of the annual rings the dark ring is hard and 
in width equal to or greater than the adjacent light-colored ring. In all 
cases there must be sharp contrast in color between the springwood 
and summerwood. 

For sizes where the center can not be determined there must show on 
the cross section an average of not less than six annual rings of growth, 
otherwise the same as the above paragraph. 

In other respects to grade "Prime," Interstate rules of 1905. 

Specification Adopted by the Georgia-Florida Sawmill Association 
FOR Southern Yellow Pine Structural Timber 

Paragraph I. — For timbers and dimension, there must show on the 
cross section between the third and fourth inch, measured radially from 
the heart center or pith, not less than six annual rings of growth, a 
greater number of which shall show at least one-third summerwood, 
which is the dark portion of the rings of growth. Wide-ringed material 
excluded by this rule will be acceptable, provided that in the greater 
number of the annual rings the dark ring is hard and in width equal to or 
greater than the adjacent light-colored ring. In all cases there must be 
sharp contrast in color between the springwood and the summerwood. 

Paragraph II. — For sizes where the center can not be determined the 
following will apply: There must show on the cross section an average 
of not less than six annual rings of growth, with not less than one-third 
summerwood, and otherwise as provided for in Paragraph I. 

Building Code Recommended by the National Board of Fire Under- 
writers, New York, 1915 

Rules for Grading Structural Timbers of Southern Yellow Pine, Prepared 
in Cooperation with the United States Forest Service 

Grade I ^ 

1. Requirements for Quality of Timber Based Upon Soundness and Density. 

(a) Soundness, — Shall contain only sound wood. 

(b) Density f as indicated by number of rings and proportion of 

^ This is practically the same as the "Select Structural" grade adopted 
by the Southern Pine Association. 
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summerwood. — Shall show on the cross section an average of not less 
than one-third summerwood, measured over the third, fourth, and fifth 
inches on a radial line from the pith. Timber averaging less than six 
annual growth rings per inch shall show an average of not less than one- 
half summerwood. Contrast in color between summerwood and spring- 
wood shall be sharp. 

In cases where timbers do not contain the pith, and it is impossible 
to locate it with any degree of accuracy by curvature of the rings, the 
inspection shall be made over 3 inches of an approximately radial 
line, beginning at the edge nearest the pith. 

2. Restrictions on Knots in Beams. 

Sound knots over 1>^ inches in diameter or knots over }4 inch in 
diameter which are insecurely attached to the surrounding wood, shall 
not be permitted in the middle half of the length of narrow or horizontal 
faces of beams; nor in the middle half of the length of the wide or vertical 
faces within a distance equal to one-fourth their width from the edges 
(see Fig. 31). No knot shall be permitted within these areas whose 
diameter exceeds one-fourth the width of the face on which it appears. 

The aggregate diameter of all knots within the middle half of the 
length of any face, shall not exceed the width of that face. 

3. Restrictions on Knots in Columns. 

Sound knots having diameters greater than 4 inches or one-third the 
least dimension of a column, or knots over }4 inch in diameter which are 
insecurely attached to the surrounding wood, shall not be permitted. 

4. Restrictions on Shakes and Checks in Beams. 

Ring shakes shall not occupy at either end of a timber more than 
one-fourth the width for green material, nor more than one-third the 
width for seasoned material. Shakes shall not show on the faces of 
either green or seasoned timber. 

Any combination of shakes and checks which would reduce the 
strength to a greater extent than the ring shakes here allowed, shall not 
be permitted. 

6. Restrictions on Cross Grain in Beams. 

Shall not have diagonal grain with slope greater than one in twenty 
within the middle half of the length of the beam. 

Grade II 

6. Requirements for Quality. 

Grade II includes timber rejected from Grade I on account of either 
(a) having less density than required for Grade I; or (6) having more 
serious defects than are allowed in Grade I. 

(a) Timber rejected from Grade I because of deficient density, will be 
accepted in Grade II provided it meets all the requirements of Grade I, 
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except that in Rule 1, (6), the requirement for one-third summerwood 
in material having six rings and over per inch, shall be changed to one- 
fourth; and that the requirement of one-half summerwood in material 
having less than six rings per inch, shall be changed to one-third. 

(h) Timber rejected from Grade I for excess defects will be accepted 
in Grade II, provided its density conforms to Rule 1, (6), and its defects 
are hmited as follows: 

7. Restrictions on Knots in Beams. 

Sound knots over 3 inches in diameter or whose diameter exceeds 
one-half the width of the face on which they appear, or knots which are 
insecurely attached to the surrounding wood, whose diameter exceeds 
l}i inches or one-fourth the width of the face on which they appear, 
shall not be permitted in the middle half of the length of narrow or 
horizontal faces of beams; nor in the middle half of the length of wide or 
vertical faces within a distance equal to one-fourth their width from the 
edges. 

The aggregate diameter of all knots within the middle half of the 
length of any face shall not exceed twice the width of that face. 

8. Restrictions on Knots in Columns. 

Sound knots having diameters greater than 6 inches or one-half the 
least dimension of a column, or knots insecurely attached to the sur- 
rounding wood, and having diameters greater than 3 inches or one-fourth 
the least dimension of a column, shall not be permitted. 

9. Restrictions on Shakes and Checks in Beams. 

Ring shakes shall not occupy at either end of a timber more than one- 
third the width for green material, nor more than one-half the width for 
seasoned material. 

Any combination of shakes and checks which would reduce the 
strength to a greater extent than the ring shakes here allowed, shall not 
be permitted. 

Gradino Rules of West Coast Lumbermen's Association for Douglas 

Fir and Western Hemlock 

Fir Timbers 

Selected Common. — Shall be sound, strong timber, well manufactured 
and free from defects that materially impair its strength. Must be 
suitable for high class construction purposes; free from shake, splits, 
loose or rotten knots. Will* allow sound and tight knots, if not in 
clusters, and which in no case shall exceed in diameter one-sixth the 
width of the face in which such knots occur up to and including 
12 X 12; and further providing that such sound and tight knots in 
14 X 14 and larger, shall in no case exceed 2J^ inches in diameter. 
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The select common grade also will allow occasional variation in saw- 
ing; tight pitch pockets, not over 6 inches in length; wane not to ex- 
ceed 1 inch on one comer and not exceeding one-sixth the length of 
the piece. 

No. 1 Common, — Timber 6 X 10 and larger shall be sound stock, well 
manufactured and free from defects that will materially weaken the 
piece. Occasional sUght variation in sawing allowed. 10 X 10 timbers 
may have a 2-inch wane on one corner or the equivalent on two or more 
corners; checks and season checks not extending over one-eighth the 
length of the piece. Smaller and larger timbers may have wane in 
proportion. In addition will allow large, sound, and tight knots which, 
approximately, should not be more than one-fourth the width in di- 
ameter of any one side in which they may appear; spike knots; stained 
sap one-third the width and slight streak of heart stain extending not 
more than one-fourth the length of the piece. 

No, 2 Common.-r-This grade will admit large, loose, or rotten knots; 
a 10 X 10 may have 3-inch wane on one corner or the equivalent on two 
or more corners — ^larger and smaller sizes in proportion; shake or rot 
that does not impair its utility for temporary work. Hemlock and 
white fir will be allowed in this grade. 

Interstate Rules of 1916 
Yellow Pine Lumber 

All lumber must be sound longleaf yellow pine. Sizes 2 inches and 
over in thickness and over 6 inches in width, there must show on the 
cross section of one end between the third and fourth inch, measured 
radially from the heart center or pith, not less than six annual rings of 
growth, a greater number of which shall show at least one-third summer- 
wood, which is the dark portion of the rings of growth. Wide-ringed 
material excluded by this rule will be acceptable, provided that in the 
greater number of the annual rings the dark ring is hard and in width 
equal to or greater than the adjacent light-colored ring. In all cases 
there must be sharp contrast in color between the springwood and 
summerwood. For sizes where the center can not be determined, the 
following will apply: There must show on the cross section an average 
of not less than one-third summerwood, and otherwise as provided 
where the heart center or pith can be determined. Well manufac- 
tured, full to size and saw butted, and shall be free from the following 
defects: Unsound, loose and hollow knots, worm holes and knot holes, 
through shakes, or round shakes that show on the surface, and shall be 
square edge unless otherwise specified. 

Standard. — ^All lumber shall be sound, sap no objection. Wane 
may be allowed one-eighth of the width of the piece measured across 
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face of wane, extending one-fourth of the length on one corner, or its 
equivalent on two or more corners, provided that not over 10 per cent, of 
the pieces of any one size shall show such wane. 

Merchantable. — ^All sizes under 9 inches shall show some heart entire 
length on one side; sizes 9 inches and over shall show some heart 
the entire length on two opposite sides. Wane may be allowed one- 
eighth of the width of the piece measured across face of wane, and ex- 
tending one-fourth of the length of the piece on one corner, or its equiva- 
lent on two or more corners, provided that not over 10 per cent, of the 
spieces of any one size shall show such wane. 

Prime. Dimension Sizes, — ^All square lumber shall show two-third 
heart on two sides, and not less than one-half heart on two other sides. 
Other sizes shall show two-thirds heart on faces and show heart two- 
thirds of length on edges, excepting when the width exceeds the thickness 
by 3 inches or over, then it shall show heart on the edges for one-half the 
length. 

Working Stresses for Structural Timbers 

The size of the timbers required to carry certain loads depends 
on the species and on the quality or grade of the timber. If 
specifications insuring a high quality of timber are used, it is 
evident that smaller sizes and higher stresses are allowable 
than if the specifications allow a wide variation in quality. 

The working stresses in Table 1 1 are based on tests and grading 
investigations made by the Forest Service. Allowable stresses 
are given for timbers used under three different conditions: 
(a) damp or wet locations such as docks, piling, etc.; (6) outside 
locations not in contact with the soil such as bridges and open 
sheds; and (c) dry sheltered locations such as the interior of 
factories and warehouses. 

The dense quality specified for southern yellow pine corre- 
sponds to Grade I timbers as given in the Building Code recom- 
mended by the National Fire Underwriters* Association. 
''Dense" material is also specified in the grade "Select Structural 
Timber" of the Southern Pine Association. The term southern 
yellow pine includes the principal pines of the southern States, 
longleaf, shortleaf, loblolly, and Cuban (slash). Since it is practi- 
cally impossible always to identify the different species of yellow 
pine and since timbers of any of the different species may be 
of high grade or inferior grade, it has been recognized that the 
southern yellow pines should be graded on a basis of density 
arid defects and not on a botanical basis. The same stresses 
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may be used for Douglas fir, provided the fir is selected in a 
maimer to insure material of corresponding quality. The other 
species listed in Table 11 are to include material selected under 
the restrictions governing defects in Grade I or Select Struc- 
tural Timber. Density requirements based on proportion of 
summerwood have not as yet been worked out satisfactorily 
for these woods; in them the dividing line between summerwood 
and springwood in the annual rings is frequently difficult to 
definitely determine. 

TELEPHONE POLES 

The pole tests made^ by the Forest Service had for their 
object a comparison of the strength of the standard pole timbers 
of the Western and Lake States with proposed substitutes. 
Standard poles of western red cedar (Thuja plicata) and northern 
white cedar (Chamcecyparis thyoides) were tested for comparison 
with poles of lodgepole pine (Pinus contorta), Douglas fir (Pseitdo^ 
tsuga taxifolia), Engelmann spruce {Picea engelmanni), and 
western hemlock (Tsuga heterophylla) . 

There are at present in both the Rocky Mountains and the 
Coast Ranges abundant stands of lodgepole pine of Uttle value 
for lumber. Lodgepole pine is not naturally durable in contact 
with the ground and for that reason has not been able to enter 
the field as a competitor of western red cedar. The general 
adoption of preservative treatment by railroad and telephone 
companies, however, has changed the situation. At an addi- 
tional cost for treatment that still leaves the pine pole the 
cheaper of the two in most of the markets outside the region 
where cedar grows, the pine may be made to last longer than 
imtreated cedar. Lodgepole pine takes treatment readily. 

Engelmann spruce also has a wide distribution throughout 
the Rocky Mountains although it grows commercially only at 
the higher altitudes. It is thus not as available as lodgepole 
pine, nor in shape or ability to take treatment is it so well adapted 
for poles. It grows farther south, however, and in many districts 
is the only native timber available for pole use. 

Forest fires in the Rocky Mountains have killed many stands 
of spruce and pine; and the disposal of this material, which, 

* See Btdl. 67, Dept. of Agriculture, "Tests of Rocky Mountain Woods for 
Telephone Poles, " by Norman de W. Betts and A. L. Heim. 
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through checking, is rendered practically useless for saw timber, 
has always been a troublesome problem. On many areas such 
material remains entirely aotind for a number of years after the 
fire, and, besides, is thoroughly seasoned and thus ready for 
treatment as soon as cut. In some regions the mines use all 
the available dead timber, though elsewhere there is a great deal 
of prejudice against the »jse of "fire-killed" material, under the 
mistaken assumption that there is some inherent difference 



Fio. 45. — Method of teatiog poles. 

in wood that has been seasoned on the stump and wood that has 
been cut when green. 

Douglas fir and western hemlock poles were included in the 
tests because the large stands of these species in the Northwest 
and those of less importance in the Rocky Mountains make 
them competitors of western red cedar. Both northern white 
cedar and western red cedar in pole form are shipped over wide 
territories which frequently overlap, so that a comparison of 
the two from a strength standpoint is frequently needed. 

Figure 46 shows the method used in the pole tests. The poles 
were supported at each end and loaded through a bearing 
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Table 12. — Results of Tests on Poles, Summab 

Length of poles 

Tested over 23-foot span with supports 1 foot from 
Tests made at U. n. Forest Service Laboratories 



Group 
No. 


Species and locality 
where grown 


Condition 


Number 
of tests 




Top 
diam- 
eter 












Inches 


1 


Western red cedar — 


Seasoned about 3 years. 


20 


Av. 


7.0 




Edgemore, Idaho. 






Max. 
Min. 


7.6 
6.2 


2 


Lodge pole pine — Ana- 


Seasoned 5 months. 


22 


Av. 


7.4 




conda, Mont. 






Max. 

Min. 


8.3 
6.7 


3 


Lodgepole pine — Norrie, 
Colo. 


Had been standing fire- 


19 


Av. 


7.6 




killed 10 years when cut. 




Max. 


9.3 










Min. 


6.8 


4 


Engelmann spruce — 


Had been standing fire- 


20 


Av. 


7.3 




Norrie, Colo. 


killed 10 years when cut. 




Max. 
Min. 


8.0 
6.0 


5 


Western red cedar — 


Seasoned 14 months. 


15 


Av. 


7.2 




Washington. 


Slight interior rot at butt. 




Max. 
Min. 


8.2 
6.6 


6 


Western red cedar — 


Seasoned 14 months. Gen- 


15 


Av. 


7.1 




Oregon. 


eral decay in butt and 




Max. 


7.7 






many knots. 




Min. 


6.7 


7 


JVestern red cedar — 


Seasoned 1 year. Few 


15 


Av. 


7.5 




Idaho. 


knots, little rot. 




Max. 
Min. 


8.5 
6.9 


8 


Northern white cedar — 


Seasoned 2 years. Centers 


15 


Av. 


7.5 




Northern Minnesota. 


rotten and many knots. 




Max. 
Min. 


8.1 
7.0 


9 


Douglas fir— Tolt, 


Seasoned 16 months. Very 


15 


Av. 


8.7 




Wash. 


few knots and compara- 




Max. 


10.1 






tively little taper. 


• 


Min. 


7.3 


10 


Lodgepole pine (rough) 
— California. 


Partially air dry. 


20 


Av. 

Max. 

Min. 


7.4 
9.4 
6.4 


11 


Lodgepole pine (smooth) 


Partially air dry. 


20 


Av. 


7.3 




California. 






Max. 
Min. 


8.7 
6.1 


12 


Lodgepole pine — Cali- 


Had been standing fire- 


20 


Av. 


7.7 




fornia. 


killed 1 to 5 years. 




Max. 
Min. 


11.1 
6.3 


13 


Western hemlock 






Av. 

Max. 


8.2 
11.2 
















Min. 


7.3 



Note *. — The top reaction at maximum load is the pull which, if applied 1 foot from 
the top end, would break a pole 25 feet lone set 5 feet in the ground. 

Groups 1 to 4, inclusive, tested at Boulder, Colo. Groups 5 to 13, inclusive, tested at 
Seattle, Wash. 

Group 1. — Cut near Edgemore, Idaho, winter of 1908-09. Probably peeled at time of 
cutting. Tested August, 1910. 

Group 2. — Cut near Anaconda, Mont., July, 1911. Tested December, 1911. 

Groups 3 and 4. — Cut near Norrie, Colo. Tested 11 months after cutting. 

Group 5. — Represents average commercial stock. Cut in Washinig^ton. Seasoned under 
shelter at Seattle for 14 months. Remarkably free from knots which would affect their 
strength. A few showed traces of interior rot at butt end. 

Group 6. — Represents average commercial stock. Cut in Oregon. Seasoned under 
shelter at Seattle for 14 months. Contained many knots and almost all showed signs of 
decay in the heartwood. 

Group 7. — Cut along the shore of Lake Pend Oreille. Seasoned about a year at Sand 
Point, Idaho, then shipped to Seattle and tested immediately. Few knots and very little 
rot. 
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izED BT Species and Condition of Seasoning 
- 26 feet 

each end of pole and loaded 5 feet from butt end. 
at Boulder. Colo., and fe'eattle. Wash., 1911-1915. 









• 






Bending strength 


Stiffness 




Moist- 
ure 


Approxi- 


Ringa 


Top 
reac- 
tion at 


Maxi- 
mum 










Weight 




Ratio 




Ratio 


when 
tested 


mate 
age 


per 
inch 


mum 

load 

(See 

note*) 


load at 
ground 


Modulus 

of 
rupture 


to 
cedar 


Stiff- 


to 
cedar 










line 


(Idaho) 
(Group 


ness 
factor 


(Idaho) 
(Group 
1) 




Per cent. 




















o^ dry 










Lb. per 








lb. 


weioht 


Yeara 




lb. 


lb. 


»q. in. 








222 


15.1 


84 


18 


2,050 


11.785 


6,885 


100 


6.75 


100 


259 


30.8 


104 


22 


2,948 


16,940 


99,360 


• • • 


9.46 


• • • 


179 


12.0 


55 


13 


1.473 


8,470 


5,090 


• ■ • 


4.43 


• • • 


304 


21.9 


162 


34 


2.250 


12,930 


7,680 


112 


8.62 


127 


384 


34.8 


170 


39 


3,050 


17.520 


9,500 


• • ■ 


10.80 


• • • 


248 


18.5 


144 


29 


1,770 


10,190 


5,190 


• ■ ■ 


6.35 


• • ■ 


301 


16.9 


155 


32 


1.830 


10,510 


5.481 


80 


6.25 


93 


412 


36.2 


189 


42 


2,840 


16,320 


7,480 


• • ■ 


8.72 


• • ■ 


250 


11.2 


97 


17 


714 


4,110 


2,230 


• • * 


4.42 


• • • 


274 


16.3 


104 


34 


1,775 


•10,210 


4,387 


04 


4.97 


74 


332 


32.8 


210 


46 


2,652 


15,260 


6,070 


• • • 


6.97 


• • • 


177 


11.9 


112 


23 


731 


4,210 


2,180 


• ■ • 


3.30 


• • • 


204 


14.6 


60 


11 


1,800 


10,340 


6,768 


08 


7.54 


112 


272 


15.9 


• • • 


■ • 


2.890 


16,600 


7,620 


■ ■ • 


8.94 


• • • 


178 


13.4 


• • • 


• ■ 


1,030 


5.900 


4,680 


• • a 


6.45 


• • • 


264 


15.7 


100 


18 


2,370 


13,610 


6,038 


88 


6.39 


95 


325 


16.8 


• • • 


• • 


2.950 


16.960 


8,230 


. • • 


8.18 


• • • 


213 


14.8 


• • • 


■ • 


1,930 


11,100 


4,680 


• ■ • 


5.44 


• • • 


281 


20.7 


136 


24 


2,489 


14,313 


6,910 


100 


7.03 


104 


350 


22.8 


215 


-36 


3,230 


18,570 


8,260 


• • • 


9.38 


• • • 


231 


18.9 


63 


10 


1,672 


9,610 


5,020 


• ■ • 


5.12 


• • • 


341 


27.1 


211 


29 


2,152 


12,374 


3,540 


51 


3.07 


45 


440 


40.5 


325 


41 


2.818 


16,200 


4,720 


■ • • 


4.07 


• • • 


293 


17.8 


140. 


19 


1.564 


8.990 


2,540 


• • • 


2.32 




456 


18.1 


61 


10 


4,490 


25.827 


9,030 


131 


11.55 


171 


583 


19.5 


71 


12 


6,300 


36.220 


10,290 


• « • 


15.26 


• • • 


323 


17.1 


55 


8 


2,850 


16,380 


6.680 


• • « 


7.60 


a # • 


437 


'25.1 


105 


16 


2,910 


16,729 


4,356 


63 


4.72 


70 


534 


27.0 


140 


21 


4,366 


25,050 


5,610 


• > • 


6.66 


• • • 


329 


22.9 


74 


10 


1,962 


11,280 


3,420 


• . . 


3.60 


• • • 


353 


125.2 


97 


17 


2,572 


14,791 


5,597 


81 


6.18 


92 


468 


29.5 


126 


24 


3,720 


21.400 


8,670 


• a • 


0.34 


• • • 


259 


23.0 


59 


10 


1,640 


9.430 


4,460 


a • • 


4.68 


a « • 


426 


28.5 


101 


17 


2.708 


15,669 


4,672 


OS 


5.57 


82 


680 


54.9 


171 


26 


4,920 


28.290 


6,610 


• • • 


7.56 


• • • 


287 


20.0 


64 





1,407 


8.090 


2,950 


• • • 


3.60 


• « • 


401 


19.5 


65 


12 


3,890 


22,369 


8,260 


120 


10.33 


163 


656 


22.9 


81 


16 


6,431 


36,980 


10,490 


a . . 


13.37 


• • • 


321 

• 


18.1 


57 


9 


3,066 


17,630 


6,040 


■ • a 


7.41 


■ • a 



Group 8. — Cut in winter along the shore of Lak Superior in Minnesota. Seasoned for 
about two years at Ithaca, Wis., then shipped to Seattle and tested immediately. AH 
contained rotten centers and a great many knots. 

Group 9. — Cut near Tolt, Wash. Seasoned at Seattle for 16 months. Particularly 
free from large knots and had comparatively little taper. 

Group 10. — Rough, considered unmerchantable because of large knots and very rapid 
taper. 

Group 11. — Comparatively free from large knots and judged to be of merchantable 
grade. 

Group 12.-^Dead from 1 to 5 years. Some quite smooth; others very rough. 

Group 13. — 

1 Moisture determinations on only 5 poles of each of these groups (10 and 11). The poles 
of Group 11 were considerably smaller at the butt than those of Groups 10 and 12.^ Although 
the modulus of rupture is greater in Group 11 than in Groups 10 and 12, the maximum loaBs 
are somewhat leas because of the rapid taper and consequently larger load-point diame- 
ters of Groups 10 and 12. 

C.KUnoN. — No comparison should be made between the various groups without giving 
careful attention to moisture contents and descriptions of material. 
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block at a point corresponding to the ground line. The condi- 
tions of the test correspond rather closely to conditions of actual 
use where the pole is set in the ground and has to meet stresses 
applied by the wind to the pole through the wires and cross- 
arms. 

Table 12 gives the results of the tests on poles. The 
stiffness factor is simply a factor which will enable a comparison 
of the stiffness of poles tested in this particular way. It can not 
be used to compare the stiffness of poles in other ways. 

The tests on poles showed the following: 

Air-seasoned lodgepole pine poles cut from live timber in 
Montana were fully equal in strength to the western red cedar 
poles tested. In actual stress developed they were superior; 
but on account of the greater taper of the cedar poles this advan- 
tage was lost in a comparison based on equal top diameters, the 
dimension usually specified. 

Western red cedar poles were superior in maximum load de- 
veloped to the pine and spruce poles cut from a fire-killed area 
in Colorado. 

The fire-killed pine, after standing ten years, did not show de- 
terioration to any appreciable extent when compared to seasoned 
lodgepole pine cut from representative live trees in Wyoming 
and Colorado.^ The advantage in strength of the material 
from the lodgepole pine poles from Montana can be accounted 
for by the fact that it was above normal in weight. 

The two shipments of western red cedar from Idaho and the 
shipment from Washington were practically equal in strength. 
The shipment from Oregon was slightly weaker. 

Northern white cedar poles ranked below any others tested, 
both in strength and stiffness. The quality of these poles how- 
ever was noticeably poor. 

Douglas fir and western hemlock poles were especially stroiig 
and stiff. These poles were much heavier than the western 
red cedar poles. 

The fire-killed lodgepole pine poles from California ranked 
between the other two shipments of California lodgepole pine 
poles in strength. Conditions of growth in lodgepole pine 
apparently have more influence on the strength than five years 
standing after being fire killed. 

* From tests on small, clear pieces not shown in Table 12. 
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CROSS-ARMS 

Cross-arms must resist forces which are variable in amount 
and direction. In a telephone line the arms may be subjected 
to heavy loads under several conditions: 

1. If the wires on one side of a pole are broken, a heavy side 
pull comes on the cross-arms from the other side. This causes 
a severe stress in the pole, and, as will be shown later, the pole 
is more likely to be broken than the cross-arm. 

2. If the wires are heavily covered with sleet and there is a 
strong wind blowing, there is a pressure on the cross-arms; 
but here again the stress in the pole will cause it to fail before 
the cross-arm will give way. Similarly, in changes of direction 
in the line the sidewise pull of the wires is more severe on the poles 
than on the arms. 

3. If the cross-arms are at the same level in the line, they 
receive no greater strains than those which may be imposed by 
the weight of the wires and adhering ice and by wind pressure. 
If, however, the middle pole of three is higher than the poles on 
either side and the wires are tightly stretched, there is a strong 
downward pull on the cross-arm. A similar condition might 
result if a single pole were left standing in a line where the poles 
on either side had fallen. 

A test was devised by the Forest Service^ in which the load 
was distributed along the arm, as it is in actual practice. The 
load was applied vertically because the arms are likely to receive 
their heaviest loads in this direction and because from these re- 
sults it is possible to estimate the resistance of the arms to forces 
acting in other directions. 

The material tested consisted of 84 six-pin cross-arms 33^ 
by 43^ inches by 6 feet. These were of four species: Douglas 
fir, shortleaf pine, longleaf pine, and southern white cedar. 
-The longleaf pine arms were separated into three groups accord- 
ing to proportion of heartwood. 

The arrangement of the test apparatus is shown in Fig. 
46. The stub pole "/'' rests on a short bearii on two posts, which 
in turn rest on the weighing platform. The pole is held in a 
vertical position by the columns of the testing machine. A 
gain about 1 inch deep' is cut in the side of the pole, and the cross- 

^ See Forest Service Circular 204, "Strength Tests of Cross-arms," by 
T. R. C. Wilson. 
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arm is fastened into it by a ^-inch bolt which extends through 
the pole. 

The load is applied to the cross-arm by rods passing thrpugh 
the pinholes in the arm. Nuts on these rods pull down on wooden 
bearing blocks shaped to fit the upper side of the arm. The 
lower ends of these rods are attached to a system of equalizing 
levers (c, rf, and e) whose arrangement is such that the rods 
transmit equal loads to the cross-arms. 




Fig. 40. — Method cf testing cross-arms. 



Blocks, * A," are each attached to the cross-arm by a nail 
driven into the center of its end. These blocks are held vertical 
by the guide rods, '*g." A nail is driven part way into the front 
edge of each block and in line with the center of the cross-arm. 
Between these two nails is stretched a fine wire, which is kept 
taut by a rubber band. The movement of this wire with re- 
spect to a scale in the center of the arm marks the deflection. 
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A 1-inch moisture disk and an 8-inch specimen for test in 
compression parallel to grain were secured from each arm after 
the bending test was completed. 

The average values from the tests are given in Table 13. The 
load at 3^-inch deflection is an approximate measure of the 
stiffness. " Work to maximum load" is a measure of the tough- 
ness. The maximum load is the measure of the strength or 
ability to withstand a slowly applied load. 

Since the longleaf pine arms with 75 per cent, of heart were 
stronger than those with 100 per cent., and those with 50 per cent, 
were weaker, other factors than the relative amounts of heart- 
wood and sapwood must have a determining influence on the 
strength. 

There weus a very considerable difference in the strength of the 
natural and treated shortleaf pine arms. Just how ipuch of 
this difference should be attributed to the treatment it was im- 
possible to determine. * 

Both the strength values and the manner of failure show that 
white cedar is considerably weaker than the other species. The 
failure was in nearly all cases by «hort brash tension. . The nu- 
merous small knots and the large season checks seem to have had 
little influence on the failures. 

In many cases the principal failure was at the first pinhole 
from the center; and in view of this fact, particular attention 
should be given in grading or selecting arms, to defects near the 
center or the first pinholes. Knots on the upper side of the arms 
near these points are especially to be avoided. 

The average load borne by the southern white cedar cross-arms, 
the weakest group, was 5,000 pounds, the load being appUed 
vertically. Careful estimate indicates that the resistance of these 
arms to side pull is at least 4,000 pounds. This is more than suflS- 
cient, under any conditions of service because it is much greater 
than the side load that can be sustained by poles. In tests, ^ 
poles have not withstood an average side pull of much more than 
3,000 pounds, and usually have failed at less than 2,000. 

In the case of sleet or snow, if the ice coating on the wires gives 
each strand a diameter of 1 inch, a wind pressure of 27 pounds 
per square foot would be sufficient to break the pole, assuming 
that the poles have a resistance to side pressure of 2,000 pounds 
and are 150 feet apart. Even under these extreme conditions, 

* See Telephone Poles, page 88. 
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the cross-arm would have to resist stresses equivalent to those 
imposed by a load of only 875 pounds, applied as in the tests, 
so that even the weakest of the arms tested would have more 
than sufficient strength to withstand a force which would break 
the average pole. 

Where there are abrupt changes of grade in a line, as in the 
case of one pole being higher than those adjacent on either side, 
the downward pull on the cross-arm depends on the stress of 
the wires and their inclination from the horizontal. If six No. 8 
wires are stretched to their maximum strength, assumed to be 
60,000 pounds per square inch, they can exert a pull of 7,670 
pounds. If a cross-arm on the middle pole had the average 
strength of southern white cedar, it could not be broken by such 
a pull unless the pole were at least 45 feet higher than the two at 
each side, the spans being 150 feet. Such an abrupt change in 
grade is rare in practice. If the cross-arm were weakened to 60 
per cent, of its air-dry strength, which would correspond to a 
green or water-soaked condition, the arm would not break unless 
the difference in height were at least 25 feet. 

All things considered, cross-arms of the species and dimensions 
tested are strong enough for ordinary use. Their strength is 
relatively of much more importance when they are longer. The 
ability of the timber to resist decay, and the methods of pre- 
venting its decay are considerations of greater importance than 
strength in the species and sizes tested. 

PACKING BOXES 

Compression and Drop Tests 

In order to determine the relative ability of three styles of 
boxes, nailed, wirebound, and dovetailed, to stand rough usage, 
tests were made^ on three sizes of each, "small," "medium," 
and "large." The capacity of the three sizes' was, respectively, 
6, 12, and 20 one-gallon cans 4X6 inches in cross section 
and 10 inches long. 

Each style and size of box was tested in three ways, by endwise 
compression, by diagonal compression, and by dropping. The 
results with descriptions of the boxes are given in Table 14. 

* See Forest Service Circular 214 "Tests of Packing Boxes of Various 
Forms, " by John A. Newlin. 
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Endwise Compreasion. — In the endwise compression tests the 
box was conipressed between two flat surfaces in the direction 
of its largest dimension. In this test the load which the box 
will stand depends largely upon the character and thickness 
of the material of which it is made, and the construction plays 
a relatively unimportant part. Most of the nailed boxes were 



Fio. 47.^— Method of conductiaE diagoiud compression teat. 

constructed with two battens on each end, so that only two 
of the vertical faces had a good bearing. Thus the loads were 
less than these boxes might be expecte<l to carry, judging from 
the thickness of the material. The wires of the wirebound 
boxes prevented buckling of the sides to a large extent and caused 
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these boxes to give results relatively high for the thickness of 
the material. The actual loads supported by the wirebound 
boxes, however, were lower than for the dovetailed and for most 
of the nailed boxes. 

Diagonal Compression. — In the diagonal compression test 
illustrated in Fig. 47, the box was compressed along a line con- 
necting diagonally opposite corners. This test produces stress 
in every part of the box, and the result of the test is the same re- 
gardless of which corner receives the load. The test causes 
failure of the box at its weakest point and thus points out the 
weak features of its construction. The dovetailed boxes with 
thick ends and the wirebound boxes withstood about the same 
loads. The dovetailed boxes with thin ends and the nailed boxes 
gave much lower values. 

In shock-resisting ability, as shown by thie product of the 
average load from to the maximum and the amount of distor- 
tion or crushing, the dovetailed boxes with thin ends gave exceed- 
ingly low values. Those with thick ends gave much higher 
values, yet not as high as were given by the nailed boxes other 
than those with single piece ends. The wirebound boxes show 
much the highest shock-resisting ability. In stiffness or rigidity 
the dovetailed boxes were much superior to the others tested. 
This is shown by the lower values for compression at maximum 
load. 

Drop Tests. — In the drop test the box was suspended with its 
diagonal corners in a vertical line and then allowed to_ drop 1 
foot. Each drop was made 6 inches higher than the preceding 
one and the test continued until the cans fell from the box. 
Figure 48 shows the method of conducting drop tests. 

Two forms of construction gave poor results, the nailed boxes 
with single piece ends and the dovetailed boxes with thin ends. 
The wirebound boxes showed great ability to withstand the 
drop test and were quite far ahead of the nailed boxes in this 
respect. The dovetailed boxes with thick ends were much infe- 
rior to the wirebound boxes and somewhat inferior to the nailed 
boxes with cleated ends. 

The failure of nailed boxes with single piece ends without cleats 
shows this to be a very poor construction; 12 out of 18 such boxes 
subjected ^o drop or diagonal compression tests had both ends 
split <;oi2ipletely in two. The nails driven into the ends of the 
boards showed very slight resistance to withdrawal. In the 
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case of boxes with cleated ends, failures did not occur in that 
portion of the box. The chief source of weakness was the with- 
drawal of the Dails holding the top. bottom, and sides to the ends. 



Fio. 48. — Method of conducting dro; 



An end made of thinner boards with four cleats of a wood of 
greater nail-holding power would probably give better results. 
The tests show that the single piece end is a poor form of construc- 
tion and indicate the necessity of using, for certain parts, a wood 
that will resist the withdrawal of nails. 
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The wirebound boxes tested showed a well-balanced construc- 
tion. The top, bottom, and sides were held firmly to the ends 
by the wires and by staples driven in red gum cleats. The 
strength of the wirebound boxes increased with the thickness 
of the lumber and the size of the wire. In all of the tests the 
wires were an important element of strength. 

The thin end dovetailed boxes showed an unbalanced con- 
struction, since the joints did not hold. The thick end boxes 
were muqh better. In both cases the tongue-and-groove joints 
were weak features of construction. When the joints in adjacent 
sides and ends were in the same plane the box was materially 
weakened. The greater rigidity of these boxes resulted in less 
damage to the contents when failure occurred. 

Tests by a Revolving Drum Machine 

The Machine. — In order to secure a method of testing boxes 
by which the results could be more easily correlated with the 
conditions of service and by which the tests could be made in a 
shorter time, a revolving drum box testing machine was developed. ^ 
This machine consists of a hexagonal drum 4 feet long (see Fig. 
49). Each of the six sides is 3 feet 6 inches long. The drum is 
mounted on a frame, so that it can be revolved. The inside is 
lined with steel and provided with fixed internal baffles or hazards 
which cause the box to slide from side to side of the machine 
and to fall in different ways on the sides, ends, and corners as 
the drum is slowly revolved. The speed that gives the best 
results has been found to be 1^^ revolutions per minute. The 
machine in Fig. 49 is adapted only for boxes up to a certain 
size. Its operation is intended to be similar to the roughest 
handling which a box should receive in service and to measure 
ability to stand such usage. The machine does not, of course, 
measure the resistance of a box to static load, such as it would 
receive if placed at the bottom of a stack of boxes. 

The Boxes Tested. — A series of tests was made on 185 nailed 
and 75 wirebound boxes. Part were built to hold two dozen 
No. 3 cans^ and part to hold two dozen No. 2 cans.^ The species 

* For details of the development of this machine, see "Proceedings of 
American Society for Testing Materials — 1916," "The Development of a 
Box Testing Machine and Some Results of Tests," by J. A. Newlin and 
T. R. C. Wilson, U. S. Forest Service. 

' These cans are the sizes ordinarily used for tomatoes, peas, etc. 
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of wood used in making the boxes included white pine, Boubhern 
yellow pine, yellow birch, aspen ("popple"), yellow poplar (tulip 
tree), and red gum. 

In the nailed boxes the end construction included single piece 
ends, 2 piece cleated ends, 2 piece ends with corrugated fasteners, 



Fia. 49. — Box-testiDg machine. 

and dovetailed ends. The thickness of the ends was >^, Kb. 
%, and J4 '"•'h. The thickness of the sides, tops, and bottoms 
was 1-^, ^6, and % inch sawed lumber and ^g, J^2i K. %2 and 
5^6 inch rotary cut veneer. The boxes were nailed with 4, 5, 6, 
and 7d. cement-coated nails — 4 to 9 naib to the nailing edge. 



104 



TIMBER 



The wirebound boxes were bound with No. 16 and No. 15 
wires stapled with 14, 18, 20, and 24 staples per wire, and had 
stapled, nailed, and loose ends. 

Deductions from Tests.— iVatfed Boxes. — The tests showed 
plainly that the resistance of many of the nailed boxes to rough 
usage could be greatly increased by proper nailing. The number 
of nails per nailing edge proved to have a considerable influence 
on the resistance of the box. Figure 50 shows the relation of 
number of nails in the boxes to the amount of rough handling 
required to break the boxes. In Fig. 60 the average number 
of revolutions of the drum required to cause breakage and loss 
of contents in boxes with 7 nails per nailing edge is taken as 100. 
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Fig. 50. — Tests on nailed boxes for two dozen No. 3 cans; relation of number of 
nails to amount of rough handling required to cause loss of contents. 



It will be noted that boxes with 5 nails per nailing edge stood only 
a little oyer one-fifth as much as boxes with 7 nails per nailing 
edge. In boxes of the kind and size tested, 7 properly driven 
nails per nailing edge may be considered as good practice. 

The single piece end without cleats was shown in the com- 
pression and drop tests to be a poor form of construction. This 
conclusion is further substantiated by. the drum tests. The 
resistance of white pine, red gum, and aspen boxes with 2 piece 
ends was increased 50 per cent, by the substituting of cleats 
(%" X IM") for corrugated fasteners. Failure in the nucleated 
boxes was due to splitting of the ends, and did not occur at the 
joint. Similar tests on yellow pine boxes with and without cleats 
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I 

showed an even greater increase in resisting power in the cleated 
boxes* 

Several cases were observed where the nails in boxes for test 
were over-driven. In such cases the wood fibers were crushed 
and damaged and the board easily separated from the nail by 
pulling the head through the board or pulling the board endwise 
from the nail. Nails driven so that the heads are flush with the 
surface of the boards give the best results. 

In a number of boxes which were stored in a warm room before 
testing it was apparent that further drying had taken place, 
with resultant shrinkage. This shrinkage causes a side pull 
on the nails, which loosens them slightly. If the drying is carried 
far enough, splitting at the nails occurs. In either case the re- 
sisting power of the box is lowered. The storage of boxes in a 
warm room should evidently be avoided. It is also advisable 
to dry lumber for nailed boxes until it contains about 15 per cent, 
moisture, since this is the average condition that lumber would 
reach when stored in an unheated building or when in transit 
in closed cars. 

The following classification of boxwoods is based on the various 
box tests made by the Forest Service and on the tests to deter- 
mine the properties of woods, including strength, hardness, etc., 
and nail-holding ability. 

r 

Classification of Box Woods 

Group 1. — Woods which are soft and from which nails are easily 
pulled. These woods require comparatively large nails. For boards 
}i inch thick 5d. nails spaced 2 inches apart are suitable. For boards 
J4 inch thick 7d. nails are needed spaced 2}i inches apart. 

Alpine fir Mangolia 

Aspen Norway pine 

Balsam fir Noble fir 

Basswood Redwood 

Buckfeye Spruce 

Butternut Sugar pine 
Cedar * Western yellow pine 

Chestnut White fir 

Cottonwood White pine 

Cucumber Willow 

Cypres^ Yellow poplar 
.Lodfljgpoje pine 

Group 2. — Woods which are intermediate in softness. These are the 
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harder coniferous woods, which are more subject to shakes and checks 
and to splitting in nailing or from rough usage than the woods in Groups 
1 or 3. These woods are also more variable in strength and nail-holding 
ability. Ends made of these woods are preferably cleated. Size and 
spacing of nails are the same as in Group 1. 

Douglas fir North Carolina pine 

Hemlock Southern yellow pine 

Larch 

Group 3. — Woods which are comparatively hard and which are high 
in nail-holding power. These woods allow the use of smaller nails and 
thinner material than the woods in Groups 1 and 2. Box boards from 
woods in Group 3 may be He inch or H inch thinner than those from 
woods in Groups 1 and 2. For boards J^g inch thick (He inch less 
than Group 1) 4d. nails are satisfactory. For boards % inch thick {% 
inch less than Group 1) 6d. nails are suitable. 



Ash 


Maple 
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Oak 


Birch 


Red gum 


Black gum 


Sycamore 


Elm 


Tupelo 


Hackberry 





Wirehound Boxes. — The tests on wirebound boxes, in which 
the binding wires are stapled to the sides, top, and bottom, 
showed that the number of staples was an important factor in 
the resistance of the box. In boxes with comparatively few 
staples the resistance of the box was lowered by the veneer 
tearing out from the staples. Figure 51 shows the relation of 
the number of staples in the boxes to the amount of rough han- 
dling required to break them. In Fig. 51 the average number 
of revolutions required to cause breakage and loss of contents 
with 24 staples per wire is taken as 100. The tearing apart of 
veneer and staples during the test was much less frequent in 
boxes with not less than 20 staples per wire. The use of staples 
in securing ends to cleats proved* unsatisfactory, unless the 
staples were driven at an angle to the gram; broad-headed nails 
gave more uniform results. 

The effect of storage conditions on boxes in which veneer was 
used was even more marked than on boxes made of lumber. 
Veneer absorbs moisture readily and dries out readily; and con- 
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sequently, boxes made of veneer, if exposed alternately to humid 
and dry conditions, will swell and shrink and tend to loosen the 
fastenings. The tests indicate that the drying of veneer for 
boxes to about 15 per cent, moisture, as in the case of box lumber, 
will give the best results. The drying of veneer to considerably 
below 15 per cent, is of- little use as the material will soon reabsorb 
moisture under ordinary conditions. 




4 8 12 IG * 2U 24 

N'ambcr of Staples per Wire 
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FiQ. 51. — Tests of wire-bound boxes for twodozen No. 3 cans; relation of number 
of staples to amount of rough handling required to cause loss of contents. 



WOODEN VEHICLE PARTS 

The following laboratory tests^ were made to find the relative 
value of different woods for vehicle parts. The material for 
the tests was furnished in its finished form by manufacturers 
and the conditions of the test were made to conform as far as 
possible to the conditions that would occur in actual service. 

HicFOKY Buggy Spokes 



Tests were made on hickory buggy spokes to determine 
whether or not the system of grading was correct and to ascer- 
tain the relative strength and toughness of red and of white 
spokes. 

The material tested consisted of 500 1-inch hickory buggy 
spokes. These were graded at the factory by an experienced 
foreman, and each grade packed separately. The different 

1 See Forest Service Circular 142, ''Tests of Vehicle and Implement 
Woods," by H. B. Holroyd and H. S. Betts. 
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grades and the number of spokes in each, as graded at the factory 
in the order of their recognized commercial value, were as follows: 

Grade Number of spokes 

A-white 45 

B-white .45 

C-white 45 

C-red 45 

C-mixed 45 

D-white 45 

D-red 45 

D-mixed 45 

E-white 45 

E-red 45 

Culls 50 

The method of testing spokes is shown in Fig. 52. The 




Fig. 52. — Method of testing buggy spokes. 



spokes were compressed parallel to the grain and the force applied 
to the rim end of the spoke through the movable head of the 
testing machine. The spokes were cut to a length of 21 inches, 
the length used in the most common size of wheel. The regula- 
tion tenon was cut on the rim end, and this tenon was inserted 
in a hole in an iron block clamped to the movable head of the 
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testing machine. The heel of the spoke fitted into a second iron 
block resting on the platform of the machine. Vertically placed 
in the machine, the spoke was like a column with the rim and hub 
ends held in the same manner as in a wheel. The amount of 
bending or transverse deflection at the center was shown by a 
pointer attached to the spoke, and arranged to move over a hori- 
zontal graduated scale. The load at the first visible failure 
and the maximum load were noted, together with the corre- 
sponding deflections at the center; and in each case the test was 
continued until the spoke had reached a deflection of 2 inches 
at the center. All spokes were thus subjected to the same 
conditions. 

The factor representing the value of a spoke should include 
both strength and toughness. The greatest load held up by a 
spoke is a measure of its strength, and the amount of bending 
in a spoke when the first crack occurs is a measure of its toughness. 
The product of these two quantities gives a factor representing 
both strength and toughness. It is called the resilience factor. 

Table 15 gives the results of the tests arranged by grades. 
From this table it will be seen that the average weight and the 
average resilience factor were both considerably higher in the 
A-white spokes than in the other grades. A wide range between 
the maximum and minimum value for the resilience factor in 
any grade is noticeable, showing that the quality of the spokes 
varied in each grade. The C-red spokes have a higher resilience 
factor than either the C-mixed or C-white; D-red spokes have a 
higher resilience factor than the D-mixed or D- white; D-red 
ranks ahead of C-mixed and C-white; E-white has a slightly 
higher resilience factor than E-red. 

In investigating the relation between weight and resilience 
factor, only clear spokes were used. This was done in order 
to eliminate the influence of defects such as iron streaks, bird 
pecks, knots, cross grain, and wormholes. About 230 spokes 
were used. The weight and resilience factor of each of these 
spokes is plotted in Fig. 63. In this chart the weight of the 
spokes is shown on the horizontal scale, and the resilience factor 
on the vertical scale. The results of the tests, as plotted, are 
divided into three classes — red, white, and mixed color, distin- 
guished on the diagram by different marks. The average points 
through which the heavy lines are drawn were obtained by 
grouping points lying between certain limits of weight. Figure 
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53 shows that in the case of clear spokes the resilience factor in- 
creases directly with the weight in a fairly uniform manner re- 
gardless of color and that weight for weight the red and mixed 
spokes have as great a resilience factor as the white spokes^- 
that is, the red spokes and the white spokes of equal weight are 
equal in mechanical value. 

Defects in spokes commonly include iron streaks, bird pecks, 
cross grain, knots, and wormholes. A spoke containing a 
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Fig. 53. — Spoke-tiest chart, showing relation between resilience factor and 

weight in clear spokes. 

wormhole is dangerous, as it is impossible to tell to what extent 
the spoke has been bored on the inside. Iron streaks are sup- 
posed to be caused by the infiltration of foreign coloring matter 
through bird pecks. Iron streaks and bird pecks, when they 
show only slightly, apparently do not aflfect the mechanical 
qualities of a spoke. They are not generally found in the heaviest 
spokes, but among those of medium or light weight. 

Spokes failing from cross grain generally break into two pieces. 
Defects have greater weakening effect when near the center 
than when near the ends. The spoke tests definitely show three 
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Table 15. — Tests on Hickoby Buggy Spokes 
(One-inch spoke; length 21 inches.) 



Grade 



Weight 



Maximum 
load 



Deflection 
at maxi- 
mum load 



Deflection 
at first 
failure 



Resilience 
factor (maxi- 
mum load 
multiplied 
by deflection 
at first fail- 
ure) 



A-white : 
Average . . 
Maximum 
Minimum . 

B-white : 
Average . . 
Maximum 
Minimum . 

C-white: 
Average . . 
Maximum 
Minimum. 

C-red: 
Average . . 
Maximum 
Minimum . 

C-mixed : 
Average . . 
Maximum 
Minimum . 

D-white : 
Average . . 
Maximum 
Minimum , 

D-red: 
Average . . 
Maximum 
Minimum . 

D-mixed : 
Average . . 
Maximum 
Minimum . 

E-white: 
Average . . 
Maximum 
Minimum. 

E-red: 
Average . . 
Maximum 
Minimum 

Culls: 
Average . . 
Maximum 
Minimum 



grams 
177.6 
190.3 
166.6 

164.5 
182.6 
146.0 

160.6 
182.0 
119.3 

167.2 
173.3 
144.4 

166.6 
186.0 
132.0 

144.2 
176.6 
118.2 

148.6 
174.7 
131.1 

146.2 
166.2 
112.8 

147.8 
174.9 
124.7 

146.1 
180.2 
106.6 

166.8 
191.4 
116.6 



lb. 

3,899 
6,006 
2,760 

3,332 
4,780 
1,616 

2,873 
4,220 
1,720 

3,080 
4,626 
1,835 

3,102 
4,096 
2,110 

2,816 
3,836 
2,026 

3,236 
4,950 
2,010 

3,171 
4,260 
2,066 

2,986 
4,180 
1,400 

3,009 
4,500 
2,050 

2,738 
4,026 
1,776 



in. 
0.28 
0.60 
0.10 

0.25 
0.62 
0.04 

0.29 
0.46 
0.07 

0.28 
0.51 
0.80 

0.26 
0.44 
0.06 

0.28 
0.56 

(a) 

0.29 
0.66 
0.10 

0.27 
0.60 
0.02 

0.26 
0.60 
0.04 

0.24 
0.45 
0.06 

0.27 
0.50 
0.10 



m. 
1.22 
1.75 
0.85 

1.31 
2.00 
0.72 

1.22 
1.76 
0.76 

1.36 
2.00 
0.08 

1.27 
2.00 
0.75 

1.13 
1.76 
0.66 

1.25 
2.00 
0.40 

1.24 
1.90 
0.70 

1.13 
2.00 
0.76 

1.08 
1.86 
0.50 

1.18 
2.00 
0.33 



in.-lb. 
4,760 
8,080 
3,270 

4,360 
6,760 
2,740 

3,500 
6,050 
1,875 

4,190 
6,920 
2,150 

3,940 
8,710 
2,310 

3,180 
6,360 
2,046 

4,050 
6,620 
1,110 

3,930 
6,640 
2,000 

3,370 
6,920 
1,680 

3,250 
7,080 
1,600 

3,230 

6,200 

805 



a Reading not obtained. 
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things: (1) That the system of grading buggy spokes did not 
correspond to their strength and toughness, (2) that the factor 
denoting the strength and toughness of clear spokes varies di- 
rectly with the weight, and (3) that red, white, or mixed spokes 
of equal weight have practically the same resilience factor. 

« 

Oak and Hickory Buggy Shafts 

The object of the buggy shaft tests was to determine the rela- 
tive mechanical properties of hickory shafts graded as XX, 
which is a third grade, and shafts made of red oak, to show the 
possibilities of the latter in shaft construction. 

The shafts were 1% by 1% inches. The stock was secured in 
Mississippi, about 100 miles south of Memphis, Tenn. The 
material was kiln dried, steamed, and bent. Ninety-two shafts 
were tested— 46 XX hickory and 46 red oak. 

The conditions under which shafts are broken in actual service 
are so varied that no attempt was made to reproduce any one 
of them exactly. The rigging for testing the shafts was arranged 
to hold the butt end of the shaft so that the main part projected 
horizontally. A vertical force was then applied near the point, 
and the shaft bent upward. The amount of bending or deflec- 
tion near the point and the corresponding force required to pro- 
duce this deflection were noted at regular intervals. The tests 
were continued after maximum load until there was less than 20 
pounds pull on the shaft, or until the shaft came in contact with 
the head of the testing machine. 

The weights of the two sets of shafts when dry were about the 
same; but the oak shafts, as they were tested, were slightly lighter 
than the hickory and contained 1.1 per cent, less moisture. 

The oak shafts closely approximated the hickory in strength 
values, but at the maximum load had 73^^ per cent, less deflection. 
In only one quality was the oak decidedly inferior to the hickory 
— ^the ability to sustain a load after failure. Thirty of the 46 
oak shafts were broken in two, and only 9 sustained more than 
20 pounds load at the end of the tests; only 14 of the hickory 
shafts were broken in two, and 24, or more than half of them, 
sustained more than 20 pounds at the end of the test. 

A comparison of the maximum and minimum values given in 
Table 16 shows that the oak shafts were of much more uniform 
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quality than the hickory, in spite of the fact that many of the 
complete failures in the oak shafts were due to cross or spiral 
grained pieces that would be eliminated by careful inspection of 
market material. 

While these shaft tests are valuable as showing the possibility 
of using red oak instead of XX hickory, they can not be taken 
as conclusive for a number of reasons. First, the tests were too 



Fio. M.^Mothod of testing wagon axles. 

few to give sufficiently definite results. Second, the oak shafts 
were not as carefully selected as commercial stock should be; 
straight-grained material would be to the advantage of oak in 
comparison with the lower grade of hickory. Third, the grading 
of the hickory down to the XX quality was baaed largely on the 
red color, which, as shown by the spoke tests, is no criterion of 
degree of strength ; on a strength basis some of the red hickory 
shafts might have belonged in a higher grade. 
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Maple and Hickory Wagon Axles 

Tests were made to ascertain the relative strength of maple 
and hickory in the form of wagon axles, and to compare the effi- 
ciency of several stytes of axle reinforcement. 

The material consisted of 48 rear axles of the common farm 
wagon design — 24 of hickory and 24 of maple. Three styles of 
construction were represented for each species — thimble skein, 
thimble skein trussed, and long-sleeve skein trussed. The axles 
selected were as nearly uniform in quality of wood as could be 
secured, and were representative of average seasoned stock. 

Figure 54 shows the method of testing. The axles, with hubs 
placed on each skein, were mounted on two I-beams, which 
rested upon the platform of a testing machine. Loads were 
applied by the testing machine at the two hounds by means of a 
straining beam attached to the movable head of the machine. 
Heavy car springs were placed between the I-beams and the 
platform of the testing machine, so as to make the load follow 
the axles after failure occurred, and reproduce the continuous 
gravity action that would occur in a failure under service con- 
ditions. Rollers were used under all bearing plates in order to 
insure freedom in horizontal movement at the bearing points. 
The load was applied continuously until the maximum load 
was passed. 

Tabus 17. — Strength op Maple and Hickory Axles Reduced 

TO Same Size 



Style of axle 



Maple 



Maximum 

load 
under test 



Maple in 
per cent, 
of hick- 
. ory 



Maximum 
load (ad- 
justed to 
same sec- 
tion as 
hickory) 



Maple in 
per cent, 
of hick- 
ory 



Hickory 



Maximum 

load 
under test 



Hickory 

taken as 

100 per 

cent. 



Thimble skein: 

Average 

Maximum 

Minimum 

Thimble skein trussed: 

Average 

Maximum 

Minimum 

Long-sleeve skein trussed: 

Average 

Maximum 

Minimum 



lb. 




lb. 




lb. 


19,458 


104 


16,600 


89 


18,678 


24,100 


120 


20,600 


103 


20,000 


13.430 


84 


11.600 


72 


16,050 


23,296 


109 


20,500 


96 


21,414 


26,890 


108 


23,700 


96 


24,850 


21,240 


110 


18,700 


97 


19,350 


22,601 


104 


22,200 


102 


21,760 


26,610 


109 


26,000 , 


107 


24,240 


17,450 


92 


17.100 


90 


19,030 



100 
100 
100 

ioo 

100 
100 

100 
100 
100 



Tables 17 and 18 give the results of the tests. An adjusted 
set of results was calculated because the maple axles had a 
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slightly larger cross section than the hickory. In the table 
the maximum load for the maple axles was reduced so as to 
give the load that would be supported by maple axles of the 
same size in cross section as the hickory axles. In all three 
sets the maximum load carried by the maple axles was slightly 
greater than that carried by the hickory axles. The adjusted 
maximum load carried by the maple axles, however, was less 
than that carried by the hickory axles in the case of the thimble 
skein and the thimble-skein trussed axles, and approximately 
the same in the case of the long-sleeve skein-trussed axles. It is 
noticeable that the strength values were more constant in the 
hickory than in the maple axles, which indicates a greater varia- 
tion in the maple stock. 

Tablb 18. — Per Cent, op Maximum Load Supported After 

Failure in Wagon Axle Tests 



Maple 



Style of axle. 



Hickory 



1 

25 
21 



Thimble skein 

Thimble skein trussed . . . 
LongHsleeve skein trussed 



36 
81 
53 



The amount of bending or deflection at maximum load was 
greater in the hickory axles than in the maple axles in all three 
sets, showing the greater toughness of hickory. 

The hickory axles were able to stand a greater shock than the 
maple axles. The load supported after failure at maximum 




Fio. 55. — Maple wagon axles after test; thimble skein. 



load was also much larger in the case of the hickory axles. When 
bending was continued beyond the maximum load, the maple 
axles had little strength left in them to support a load. The 
hickory axles, on the contrary, carried a large per cent, of their 
maximum load when subjected to the same conditions. 
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In the two sets of trussed axles the carrying capacity, ability 
to resist shock, and the load supported after failure at maximum 
load were all considerably greater than the same factors in the 




Fig. 66. — Hickory wagon axles after test; thimble skein. 

untrussed axles. In nearly every case the clamp and truss 
slipped while the axle was under test. 

In a number of axles received for test the manufacturers had 




FiQ. 57. — Maple wagon axles after test; long-sleeved skein trussed. 

allowed the shoulder on the ends of the truss to project beyond 
the clamp. This allows the axle to bend considerably before 
the truss shoulder is pulled against the clamp and the truss 




FiQ. 58. — Hickory wagon axles after test; long-sleeved skein trussed. 



brought into action. Out of the 32 trussed axles, in only one 
instance did the truss rod break. 

The character of the fractures in the tested axles is shown in 
Figs. 55 to 58. These figures were made from photographs of 
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individual axles taken after test. The maple untrussed axles, 
Fig. 55, generally failed near the center, showing a short frac- 
ture, while the failure in the 'hickory axles of the same design, 
Fig. 56, occurred near the skeins and showed a long, fibrous 
break. 

In the trussed axles. Figs. 57 and 58, the fractures were of 
the same general character, although less prominent. Maple 
is subject to a spiral grain difficult of detection, which sometimes 
causes sudden and complete failure. 



Oak, Southern Pine, and Douglas Fir Wagon Poles 

The object of the wagon-pole tests was to check the correctness 
of the grading of select and common oak poles, to ascertain the 
utility of the truss, and to determine the value of southern pine 




Fig. 59. — Method of testing wagon poles; trussed pole under test. 

and Douglas fir for pole manufacture, as compared with oak. 
The poles tested were of the common farm-wagon design and 
were representative of the respective grades. The following 
comprised the series of tests: 
10 oak poles, select grade. 
10 oak poles, common grade. 
10 oak poles, common grade, trussed. 
10 southern pine poles. 
10 Douglas fir poles. 
All the poles were of the same dimensions. 
A device similar to the hounds on a wagon held the rear end 
of the pole rigid (see Fig. 59). The point of the pole was de- 
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fleeted by means of a tackle and suitable rigging, which trans- 
ferred the deflecting load to a platform scale where it was 
measured. Thus the poles were tested under a strain similar 
to that which occurs in service when the front wheels of a wagon 
are blocked and the team turns sidewise. 

The results of the tests are given in Table 19. 

The select poles were superior to the common poles in strength, 
toughness, ability to resist shock, and stiffness by from 23 to 
42 per cent. The poles appear to have been graded upon a 
correct mechanical basis. 

The values for strength and stiffness were slightly higher in 
the case of the trussed poles. In toughness and shock-resisting 
ability, however, the reverse was the case. It is to be noted that 
more of the common untrussed poles than of the common trussed 
poles were cross-grained. The truss does not appear to be of 
any decided value from the standpoint of strength. 

In maximum load and stiffness the pine poles rank between 
the oak select and oak common poles. In toughness and ability 
to resist shock the values for the pine poles are less than for either 
set of oak poles. 

The fir poles were superior to the oak poles when not strained 
beyond the elastic limit. In strength and stiffness the fir ranked 
between the two grades of oak. The toughness and ability to 
resist shock was less in the fir poles than in the oak poles. The 
material in the fir poles was of a more uniform grade than in the 
oak or pine poles. 

Douglas Fir and Southern Pine Cultivator Poles 

Tests were made to determine the comparative value of Doug- 
las fir and southern yellow pine for use in cultivator pole manu- 
facture. The material consisted of 10 Douglas fir and 10 
southern pine cultivator poles of the kind used in walking 
cultivators. The method of testing was similar to that used 
in testing the wagon poles (see Fig. 59). 

Table 20 gives the results of the tests. There was little dif- 
ference between the pine and fir poles for most of the qualities 
measured, but the range was much greater in the pine poles than 
in the fir poles. This indicates less variation of stock in the 
fir poles. 

The load on the end of the fir poles at the elastic hmit exceeded 
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that for the pine poles by 5 per cent, while the strength of the 
fir poles at maximum load was 6 per cent, less than that of the 
pine poles. The pine poles were inferior to the fir poles in stiff- 
ness, but had a greater ability to resist shock. 

In both sets of poles the majority of failures occurred near the 
point where the pole is attached to the framework of the cul- 
tivator. In the pine poles failure was complete in 7 out of 10, 
the poles breaking in two. In fir poles complete failure occurred 
in but 3 out of 10. 

Deduction from the Tests op Vehicle Pabts 

The foregoing tests, while in some cases only suggestive, be- 
cause of the small number of samples tested, nevertheless show 
the value of laboratory tests as an aid in solving problems 
connected with the gradijig of vehicle wood stock, and the substi- 
tution of new species for old. The samples, representing dif- 
ferent grades, or classes, were selected by experts with a 
large experience in the vehicle industries, and were thoroughly 
representative. 

The spoke tests show an error of more than 60 per cent, in 
the grading system used, which was largely due to the tradi- 
tional prejudice and consequent discrimination against red 
hickory. No red spokes were allowed in the A and B grades, 
yet the tests show that a large proportion of the red spokes 
included in the lower grades should, because of their strength 
and toughness, have been included in the highest grades. 

The superiority of hickory in toughness and shock-resisting 
ability, as compared with maple, is brought out in the axle tests. 
It is probable that no native species combines such high values for 
strength, toughness, and other mechanical properties as the 
higher grades of hickory, which on this account are well fitted 
for such parts as are subjected to the greatest shock. The shaft 
tests indicate that red oak may be substituted for hickory of the 
lower grades in shaft manufacture. 

The difference in toughness between oak and such woods as 
southern pine and Douglas fir is shown in the results of the pole 
tests. Both of these latter species, however, when carefully 
selected, appear to be promising substitutes for second-grade 
oak in pole manufacture. 

The terms "second growth'' and "forest growth '^ are so loosely 
applied in the designation of grades that they are confusing 
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and might well be discontinued. These terms, as used by the 
trade, distinguish between good and poor wood and disregard 
the true meaning of the words. In order to use the terms in 
their correct sense, the particular species and conditions of growth 
would have to be known for each piece of material. Commer- 
cially this is impossible. In reality, a large per cent, of the stock 
which is classed as "second growth'' is "forest grown" stock of 
good quality. As changes in the forest take place, as a result 
of lumbering and new growth, it may be asked at what point 
does the wood cease to be "forest grown" and become "second 
growth." The manufacturer can not definitely answer this 
question, and can not tell whether it may not be possible to secure 
both kinds of stock from the same tree. 

The term "black hickory" is also confusing when used to desig- 
nate a grade, because it is the accepted common name for certain 
species. 

There is much discrimination in the trade against defects 
such as knots and checks, but little is said about cross-grain. 
The tests have continually shown that in such material as spokes, 
axles, and poles, cross-grain is one of the most serious defects. 
Defects that will be removed in finishing should not be consid- 
ered defects by the inspector. Clauses in grading rules such as 
"Clear of any defects impairing the strength" are too indefinite. 

Weight is an excellent indication of the strength of dry hickory 
wood, although but little used in grading rules and specifications 
at present. The rate of growth that generally indicates heavy 
and strong material and the location of such material in the 
cross-section of the tree are shown in the following diagrams.^ 
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Diagram 1. 



^ For a more detailed discussion of the strength of hickory see Forest Service, 
Bulletin 80, '* The Commercial Hickories," by A. T. Boisen and J. A. Newlin. 
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The two diagrams show the variation in the strength and 
toughness of hickory for different rates of growth. The dia- 
grams indicate that hickory high in strength and toughness 
generally has from 5 to 20 rings per inch. Exceptions exist, 
however, in wood grown in dry situations in which the slow 
growing material may be strong and tough. 
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The three diagrams show the variation in the strength, tough- 
ness, and specific gravity (dry weight) of hickory at different 
distances from the center of the tree. In normal trees the 
strongest wood appears to be from 5 to 7 inches from the center 
and the toughest wood nearly at the center. Wood 3 to 7 inches 
from the center is generally high in mechanical properties. 



CHAPTER V 

THE SEASONING OF WOOD 

Importance of Proper Seasoning Methods — Fiber Satu- 
ration Point and Shrinkage — How Wood May Be 
Injured in Seasoning — Air Seasoning — Rules for Piling 
Lumber — Kiln Drying 

IMPORTANCE OF PROPER SEASONING METHODS 

Practically all wood before being put to use is either seasoned 
in the air or dried in a kiln. The main objects of seasoning are 
to increase the durability of the wood in service, to prevent it 
from shrinking and checking, to increase its strength and stiffness, 
to prevent it from staining, and to decrease its weight. The 
sooner wood is seasoned after being cut the less is the chance that 
it will be injured by the insects which attack unseasoned wood,^ 
or that it will decay before the time comes to use it. Wood that 
is to be treated with preservative needs in nearly all cases to be 
seasoned as much as wood that is to be used in the natural state. 

Wood has a complicated structure, and the walls of its cells 
shrink and harden when moisture is removed from them, so that 
unless timber which is to be air-seasoned is piled in the right way, 
or conditions in the dry kiln are maintained in accordance with 
certain well-defined physical laws, the material is likely to warp 
or check, or in some way to be damaged seriously. Until recently 
proper methods of seasoning received comparatively little atten- 
tion from manufacturers; and large losses, especially among 
woods that are difficult to dry, were the rule. Sometimes as 
much as 20 to 25 per cent, of the seasoned lumber was rendered 
unfit for the use intended by defects which had their origin in 
the drying process. Since the quality of the finished product 

^ The sapwood of seasoned hardwood is subject to attack and frequently 
to serious damage by powder-post insects. See Farmers' Bulletin 778, 
** Powder-Post Damage by Lyctus Beetles to Seasoned Hardwood,*' by 
A. D. Hopkins and T. E. Snyder, 1917. 
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can be impaired seriously by wrong methods, the desirability 
of taking care to use right methods becomes apparent. 

FIBER SATURATION POINT AND SHRINKAGE 

Water exists in wood in two conditions:^ (a) as free water con- 
tained in the cell cavities, and (6) as water absorbed in the cell 
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Moisture, in Percent of Dry Weight 

Fio. 60. — Effect of absorption of water on the volume of small, clear pieces 
of longleaf pine, red spruce; and chestnut. Each point is the average of from 
5 to 11 specimens. The fiber-saturation point is at C The black dots are for 
specimens that were kiln dried and allowed to reabsorb moisture. 

walls. When wood contains just enough water to saturate the 
cell walls, it is said to be at the "fiber saturation point." Any 
water in excess of this which the wood may contain is in the form 
of free water in the cell cavities. 

^ The term "sap" sometimes is used wrongly to mean the moisture in 
wood, and at other times to mean the sapwood. Sap is formed, mainly 
in the early spring, in. the leaves from water rising from the roots through 
the sapwood. In the leaves this water is converted into true sap, which 
contains sugar and soluble gums. The sap descends through the bark 
and feeds the tissues in process of formation between the bark and the sap- 
wood. The heartwood contains no sap. 



THE SEASONING OF WOOD 



127 



Removal of the free water has no appiarent effect upon the 
properties of the wood except to reduce its weight, but as soon 
as any of the absorbed water is removed the wood begins to 
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Fia. 61. — Relation between the moisture content and the cross section of small, 

clear pieces of western hemlock. 
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shrink. Since the free water is the first to be removed, shrinkage 
does not begin, as a general rule, until the fiber saturation point 
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is reached. In the case of eucalypts and some of the oaks, 
however, shrinkage begins above this point. For most woods, 
the fiber saturation point corresponds to a moisture content of 
from 25 to 30 per cent, of the dry weight of the wood. 

If wood below the fiber saturation point is allowed to absorb 
moisture, it will swell. This swelling tor most woods reaches its 
maximum at the fiber saturation point, and further absorption of 
moisture has no effect on the size. Figure 60 shows the increase 
in the volume of several different kinds of wood when allowed 
to absorb moisture after first being thoroughly dried. Figures 
61 and 62 show the relation between the area of the cross section 
and the moisture content for specimens of western hemlock and 



FiQ. 63.— Shriotage i 



western larch, respectively, which were first dried out and then 
allowed to reabsorb moisture. Figures 60, 61, and 62 indicate 
that the rate of shrinkage from the fiber saturation point to 
moisture isquite uniformand likewise that the rate of swelling from 
moisture to the fiber saturation is quiteuniform. From this it is 
evident that wood in an air dry condition (12 to 15 i>er cent. 
moisture) would have reached about one-half its possible shrink- 
age in drying from a fiber saturation point of 25 to 30 per cent, 
to per cent, moisture. 

Shrinkage is due to the contraction of the cell walls. Shrinkage 
of a piece of lumber in a direction tangential to the annual rings 
is about twice as great as in the radial direction. Lengthwise 
of the lumber it is very slight. Figure 63 shows graphically the 
difference between tangential and radial shrinkage. Table 3, 
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Chapter II, gives the per cent, of shrinkage from a green to an 
oven-dry condition for the principal commercial species. 

HOW WOOD MAY BE IHJUKED IN SEASONING 

Checking. — Checking is caused by unequal shrinkage. If the 
outside of a piece of wood dries considerably faster than the inside, 
the surface in time will contract until it can no longer e^ctend 
around the comparatively wet interior, and so will be torn apart 
in checks. Checks often are classified as end checks and face 
checks. End checking or splitting during seasoning causes 
nearly as much loss as face checking. 

Casehardenii^. — Casehardening or surface hardening occurs 
when the surface of wood becomes set in a partially dry condition 
while the interior is still wet. This condition results from too 



FlQ. 64. — Sections cut from oasehardened boarda. 

rapid surface drying. If the interior of a casehardened piece of 
wood dries further, it tends to shrink, while the "set" condition 
of the surface tends to prevent it from doing so. As a result, 
stresses are set up in the piece. Figure 64 shows sections cut 
from casehardened boarda, with a strip sawed from the center 
of each section. In A, the stresses cause the prongs to curve 
inward and bind on the saw. If the stresses are relieved by treats 
ment with steam, as is sometimes done, and the board dried 
a second time, the resawed prongs, as shown in B, will curve 
outward, owing to a reversal of the stresses. This is termed 
"reverse casehardening."^ 

■ For further discussion, see "Froblenis in Kiln-drying Lumber," by H. 
D. Tiemaim, Lumber World Review, September 26, 1915. 
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Figure 65 shows the form taken by resawed pieces of kiln- 
dry boards steamed for different lengths of time. In No. 1 the 
prongs curve inward, owing to casehardening. Nos. 2 and 3 
also show a casehardened condition as indicated by the strips 
curving inward. In Nos, 4, 5, and 6 the casehardening has been 
eliminated by longer steaming and the resawed strips are straight. 



FiO. 65. — Resawed scctJona cut from casehardened red giitn boards steamed 
for difFerent lengths of time af(«r being kiln dried. (1), No final Bteamiog; 
(2) and (3), 18 minutes final steaming; (4), (5), and (6). 36 minutes final steam- 
ing; (7), 3 hours final steamjng. 

No, 7, which has been steamed still longeij shows a condition of 
"reverse casehardening," in which the resawed strips curve 
outward. 

Sections cut as shown in Pigs. 64 and 65 may be used also 
to determine the distribution of moisture in lumber whether case- 
hardened or not. If not casehardened, such sections will curve 
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inward as they dry if the lumber is wetter on the inside than on 
the surface, and outward if the reverse is the case. If the lumber 
is uniformly dry, the prongs will remain practically straight. 

Honeycombing. — Honeycombing or internal checking occurs 
in caaehardened pieces when the interior continues to dry and the 
surface remains fixed. In such cases spHts appear in the interior. 
Figure 66 shows examples of honeycombing in casehardened 
pieces. 

Warpingi — Warping or twisting in lumber is due to unequal 
shrinkage. Some woods are much more subject to warping 



Fio. 66. — Honeycombed oak timbers, the result of casehardoniDg. 

than others. The trouble can be prevented to some extent by 
careful piling, both during drying and afterward. Figure 67 
shows badly warped pieces of lumber. 

Collapse. — In some woods, notably western red cedar and red- 
wood, when the very wet wood is dried at a high temperature, 
depressions appear on the surface of the boards, presumably 
due to the collapse of the plastic cell walls in certain places. 
If, however, these woods are heated above the boiling point 
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while wet, the steam generated in the non-porous cells causes 
the wood to bulge oq the surface. Figure 68 shows collapse and 
bul^ng, or "explosion," as it is termed by the discoverer of the 
phenomenon.* 

Braslmess. — Wood subjected to high temperature treatments 
or very rapid drying may become brash or brittle and also dark- 
ened in color. Pieces of such wood will break suddenly when 
bent. Many complaints are heard of the overdrying of shingles 
which renders the wood brash and with "no life." 



AIR SEASONING 
Although the use of dry kilns is increasing steadily, most 
wood is still seasoned in the open air. If wood is kept in the 
air long enough, the moisture content finally comes into equi- 
librium with that of the surrounding atmosphere, and the wood 
is said to be air-dried. The rate of drying varies, of course, with 
time of year, species of wood, size and form of piece, and method 
of piling. Certain of these factors may be controlled or utilized 
in a way to hasten the drying process and lessen the likelihood 
of defects appearing in the material. 
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A S 

Fig. 69. — Southwestern ties. {A) Seasoning of ties at Pecos, N. Mex., cut 
in January and February. {B) Seasoning of ties at Pecos, N. Mex., cut in 
August, September, and October. (Black and red pine are local names for 
western yellow pine; black pine refers to young trees and red pine to mature 
trees.) 
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Fig. 70. — Northwestern ties. Seasoning of lodgepole-pine ties at Bozeman, 
Mont.; Douglas fir at Sandpoint, Idaho (curves 11 and 12); Pasco, Wash, 
(curve 15) ; and Tacoma, Wash, (curve 16) ; and western larch at Sandpoint, 
Idaho, cut in January and February; (the Tacoma ties cut in December and 
January). 
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Crossties, Poles, and Sawed Timbers. — The data in Figs. 
69 to 79, inclusive, collected by the Forest Service* in various 
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FiQ. 71. — Seasoning of hemlock ties at Escanaba, Mich., cut in August and 

September. 
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Fio. 72. — Seasoning of ties at Silsbee, Texas, and Ackerman, Miss.; cut in 

January and February. 

parts of the country show the rate at which crossties, poles, and 
sawed timbers of several species lose moisture when freely exposed 

1 See *'The Air Seasoning of Timber," by W. H. Kempfer, Forest Service, 
in BuUetin 161 of the American Railway Engineering Association. 
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Fio. 73. — Seasoning of hardwood ties in Southern States; cut in October, 

November, and December. 
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74. — Seasoning of southern white cedar poles at Wilmington, N. C. 



44 



i 40 

I 3G 

fa 

o 
5 32 



I 



•M 28 



I 



24 



I 
















^ 


















s 


«^, 


































^ 


^ 


K 
































^ 


^i 


s. 
































V^ 


•-V 
























I 


prii 


g 


r'l 


^ 




\» 1 


r' 


itnu 


in G 


at 






















V 


k 


N 


N 


























■ 


\^ 


k 


^ 


^ 


\, 




















V 


Intf 


r Ol 




V. 




\ 


^^ 


V, 
























1 


^ 


» 




^ 


pN 


u 


imo 


er 1 


;at 




























^h 









2 4 6 8 10 12 14 16 

Time Seasoning - Months 

Fig. 75. — Seasoning of western red cedar poles at Wilmington, Cal. 
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to the atmosphere. In some cases it was not possible to weigh 
the pieces for several days after they were cut. Freshly cut 
timber loses weight very rapidly in warm, dry weather. Ties 
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Fig. 76. — Seasoning of chestnut poles at Thomdale, Pa. 
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Fig. 77. — Seasoning of northern white cedar poles at Escanaba, Mich. 
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Fig. 78. — Seasoning of Douglas-fir timbers at Eugene, Oreg. 

are in inches.) 



22 24 20 23 



(Dimensions given 



in some species lose 10 pounds in twenty-four hours. The rates 
of seasoning of the various species may be compared by the 
general trend of the curves. When the curves reach a horizontal 
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position, the material may be said to be air dry, unless this 
happens at a time of year very unfavorable for seasoning. 

The ties were seasoned in piles of 50 each, and were exposed 
without cover. The ties on the top of each pile, however, were 
placed close together and served as a rough roof. The curves 
are plotted from the average weight of the ties. The weight 
per unit volimie could not be used, as in many cases the volumes 
of the ties were not obtained. The poles were seasoned on skids 
in the open. The sawed timbers were seasoned in open piles 
under shelter. 
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Fig. 79. — Seasoning of Iongleaf>pine timbers at Madison, Wis. 



Lumber. — Sawed lumber is generally dried by being piled 
in stacks with air spaces between the boards. In forming the 
stacks usually the boards are laid flat, with strips called stickers 
between courses or layers. A space also is left between each 
board in a layer and the adjacent board to provide for the cir- 
culation of air throughout the stack. Flat or horizontal piling 
may be of two kinds : (a) with the ends of the boards toward the 
alley — endwise piling, and {b) with the sides toward the alley — 
sidewise piling. Figures 80 and 81 illustrate the two methods. 
The stacks are arranged to slope from front to rear, and to lean 
forward so that water dripping from the top falls to the ground 
without trickling down over the courses below. With either 
method of piling the stacks should be so located in the yard that 
the prevailing winds blow through them rather than against 
the sides of the stickers. 

Most lumber manufacturers and dealers use the endwise 
method of piling. A number, however, have adopted the side- 
wise method, which has certain advantages in the matter of 
air circulation. In endwise piUng the stickers obstruct the pas- 
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sage of air from back to front of a course, while in aidewise piling 
the passages from front to rear are clear. Water whicli forces 




Fia. 80. — Lumber piled aidewise 



and metal foundations- 



its way into the pile is more effectively drained in sidewise piling, 
and the likelihood of sticker rot and discoloration due to the 



Fig. 81. — Lumber piled lengthwise on wooden foundatinn. 

accumulation of moisture, dust, and dirt against the stickers is 
lessened. 

The bottom boards in a stack rest on skids, which in turn rest 
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on foundations, preferably of stone, cement, or metal. Pieces 
containing rot should never be used for foundation timbers 
or skids, or allowed to remain in the pile. The vicinity of the 
pile should be kept clear of weeds. 

The use of concrete and metal foundations is especially feasible 
in retail lumber yards and in those maintained by wood-using 
factories. In retail yards, where economy in space often is the 
essential thing, the piles are high and a particular space usually 



is allotted to each class or species of lumber. In factory yards 
lumber often is held for a number of years before being used. 
In such cases the frequent renewal of wooden foundations under 
lumber piles entails considerable expenditure of time and money, 
to say nothing of the danger of infecting lumber by bringing it 
in contact with partly rotted foundation timbers. For these 
reasons foundations of a more permanent character are constantly 
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growing in favor in retail and factory yards. Figures 82 and 
83 show foundations of this kind. 

Sawmilt yards, on the other hand, often contain several 
million feet of material and cover several acres. Lumber 
coming from the saw is generally piled wherever most conven- 



t, — Another type of permanent foundstioii. Steel rails are embedded in 
piers. The lumber is fully 2}^ feet above the ground, insuring eicellent 
ventilation. 

ient, provided it is placed at the distance from the mill required 
by insurance companies. Usually, economy in storage space is 
not essential, and piles of the same species and kind of lumber 
are likely to be found in a number of different sections of the 
yard. In addition, the stock is constantly being turned over, 
thus giving an opportimity to renew the foundation timbers at 



Fio. 84. — Method of providing drainage under lumber piles. 

comparatively small expense, A number of large lumber com- 
^nies, however, have adopted concrete as a foundation material. 
Lumber-storage yards need to be reasonably well drained, or 
at least the contour of the ground should be such that water will 
not stand under the stacks after a storm. Otherwise, decay is 
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apt to get a Btart and spread throughout the pile. Where the 
ground offers but poor oatural drainage facihties, some artificial 
system of drainage is usually employed. Figure 84 shows the 
system used in the yards of two large lumber companies in the 
southern hardwood region. This arrangement not only prevents 
the coIlectioQ of rain water under the lumber piles, but also gives 
the required slope to the stack, which on level ground has to be 
secured by building up the foundations. A top dressing of cin- 
ders has been found satisfactory in some storage yards. 



a lumber stock. In- 
umber. 

The matter of providing good drainage in lumber yards and 
keeping them free from rotten pieces of lumber and tall grass 
and weeds is often neglected. Pieces of discarded lumber thrown 
aside on the ground, especially where weeds are prevalent and 
the ground is wet, readily develop decay-producing fungi' and 
serve as a source from which nearby stacks may become infected. 
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It is not uncommon in yards to find partially rotted material 
piled against the lumber stacks {see Fig. 85) or to find fresh 
lumber stacked in direct contact with badly decayed foundation 
timbers. Under such conditions decay spreads rapidly to the 
sound lumber. 

Decaying timber which has been allowed to accumulate about 
the yards (see Fig. Sfi) should be collected and burned. This 
will not only arrest the spread of fungi but will also lessen the 



Fia. 86. — A highly insanitary mill yard in South Carolina. Hundreds of 
thousands of feet of stnred lumber have rutted in this yard as a result of tbeae 
conditions. All this rotten dfibria should be removed and burned. 

fire hazard. The piling of such material in one place is not suffi- 
cient; for the fungi will continue to thrive in it and to liberate 
countless spores. These spores are blown about and find lodge- 
ment in stacks of sound lumber, where they develop and produce 
decay when the right conditions of temperature and moisture 
occur. Special attention should be paid to keeping the stickers 
free from infection. It is evident that the use of infected or 
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partly decayed stickers in building up a stack of lumber is 
quite likely to cause decay in the lumber. When a stack is 
taken down, the stickers will be in much better condition for 
the next stack if piled on end in conical piles or stacked beneath 
the skids instead of being allowed to stay where they happen 
to fall (see Fig. 87). 

In cases where lumber is stacked for a comparatively short 
time under conditions where it is exposed to infection, no marked 
deterioration may be evident. Decay may, however, be present 



Fio. 87.— Piling eticka lying on the ground at a mill in South Carolina, 
Bhowing ths insanitary method of handling them. Such sticks lying for only 
a week or two in contact with fungua-infected ground may themselves become 
seriously infected, and may in turn pass the decay on to the lumber stacks. 

in incipient stages ready to progress further should the liunber 
be placed under moist conditions. It is highly probable that 
many of the failures in timbers in important structures in recent 
years have been due to the use of timbers that were infected 
before placement in the structures. Timbers not infected are, 
of course, much more able to resist decay. 

The railways and tramways common in lumber yards generally 
contain more or less rotted timber, and may be'come a dangerous 
source of infection. Little attention is paid to preservative 
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treatment, as timber for renewals is naturally plentiful. It is 
well worth consideration, however, as a means of lessening the 
danger of infecting lumber piled for storage, as well as of reducing 
the frequency of renewals and the usual attendant interruptions 
to normal operation. ^ 

RxjLES FOR Piling Lumber 

The following set of rules for pihng lumber covers the more 
important points to be observed in the construction of founda- 
tions, shape of stack, arrangement of stickers, etc.: 

Foundations {Endwise or Sidewise Piling). 

(a) The foundations should be strong, solid, and durable. 

(6) The top of each foundation should be level, and from front 
to back the top surface of the parallel skids should be in align- 
ment, so that the lumber to be piled will bear equally upon 
each one. 

(c) The front foundation should be raised above the second, 
and the second above the third, etc., to allow a slant in the stack 
of 1 inch to every foot. 

(d) The foundations should be spaced not over 4 feet apart, 
except for heavy planks and timbers. 

(e) The front foundation should be of sufficient height to 
provide space for free circulation of air under all parts of the pile. 

Lumber {Endwise Piling), 

(a) Skids, preferably .2 by 4 inches, should be laid on top 
of the foundations. 

(6) Boards of equal length should be piled together. 

(c) The ends of the boards should rest upon the front and rear 
skids. 

(d) A space of approximately three-fourths of an inch should 
be left between boards in the same layer. 

{e) Lumber piled in the open should have the front ends of 
boards in each layer sUghtly protruding beyond the end of the 
layer beneath, to give a forward pitch to the stack. 

Lumber {Sidewise Piling). 

(a) Skids, preferably 4 by 6 inches, should be placed across 
the foundations at about 4-foot intervals. The number of 
skids depends upon the thickness of the lumber. 

* For a farther discussion of timber storage with reference to decay, see 
U. S. Department of, Agriculture Bidletin 510. " Timber Storage Conditions 
in the Eastern and Southern States with Reference to Decay Problems," 
by C. J. Humphrey. 
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(6) Boards of equal length should be piled together. 

(c) The boards should be placed on the skids, with about 
three-fourths of an inch between boards in the same layer. 

(d) Lumber piled in the open should have the front board in 
each layer project slightly beyond the board in the layer beneath, 
to provide a forward pitch to the stack. 

Stickers {Endwise or Sidevnse Piling). 

(a) Stickers should be of uniform thickness, preferably seven- 
eighths of an inch for 1-inch lumber and 13-^ inches for 2-inch 
lumber. Their length should be a few inches in excess of the 
width of the pile. 

(6) Stickers should be placed upon the layer of boards im- 
mediately over the skids and kept in alignment parallel to the 
front of the piles. 

(c) The front and rear stickers should be flush with^ or pro- 
trude beyond, the ends of the boards. 

Roof Protection (Endioise or Sidewise Piling), 

Cover boards, as a roof protection, should be laid on the top 
of the pile, extending a few inches beyond the front and rear 
ends of the stack. 

Spacing Stacks {Endwise or Sidewise Piling), 

Space between the piles should not be less than 2 feet; 4 or 5 
feet is better if yardage conditions permit. 

Dimension of Stack {Endwise or Sidewise Piling), 

The customary width of stacks is from 8 to 16 feet. The 
height is governed by the size and character of the lumber and 
by the methods of moving it. 

Treated Ends {Endwise or Sidewise Piling), 

The ends of lumber 2).^ inches thick or over, unless of the 
lower grades, should receive a brush treatment of paint or some 
Uquid filler. 

The rules just given are based on information obtained through 
field investigations and from lumber manufacturers and whole- 
sale and retail dealers, and accord with the best lumber-piling 
practice in general commercial use. Certain species of wood, 
however, require particular care in air drying, and in this case 
slight variations from the rules are necessary in order to secure 
the best results. Some lumbermen in the South, for example, 
find that thick red oak checks badly on the ends, and in air- 
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i8. — Sun shields used to reduce checking in thick red oak timbot. 



aa to form "chinmey" or flue near center of stack 
from bottom to top. 
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drying such Btock have adopted the scheme of protecting it mth 
BUD shields, as shown in Fig. 88, which they claim reduces 
end checking to a minimum. 

Mills cutting red gum formerly experienced difficulty in drying 
the lumber, on account of its tendency to warp. This, however, 
has been largely overcome by the exercise of care in seasoning. 
In erecting a pile of gum lumber, stickers are placed every 2 
feet apart, some lumbermen claiming that 18 inches is none too 
close to obtain the best results. Another scheme in more or 
less general use among gum-lumber manufacturers is to construct 
the pile so as to have a flue or "chimney" in its center, thus pro- 



¥ia. 90. — Pole drying yellow poi^ac lumber. 

viding ample air circulation vertically through the stack, as shown 
in Fig. 89. 

Green cottonwood, basswood, and yellow poplar lumber are 
likely to stain badly when piled. Accordingly, a number of 
lumbermen either end-dry the material or pole-dry it for a week 
or two and then place it in a "stuck" pile. In end drying, 
the boards are stood up on end, edge to edge, under a specially 
built shed, with stickers arranged horizontally one above the 
other at specified distances. Such a pile presents exactly the 
appearance of a regular lengthwise pile of lumber set up on end. 
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E^a. S2. — Lumber yard of a sawmill in the Lake States. Note fine ap- 
pearance of lumber piles. The discarded material ia the foreground ie. however, 
a dangerous source of infectioii and should be burned. 
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Figure 90 shows a quantity of yellow poplar lumber being pole 
dried; and Fig. 91 shows the frame used for the purpose. 

Hickory and ash lumber frequently check badly when air 
dried. Lumbermen in the southern hardwood region have found 
that the checks will close up entirely if the lumber is first stuck 
piled for six to eight months and then bulk piled and protected 
by good covering, preferably shed. The mechanical weakening 
effect of such checks, however, still remains. 



Fia. 93. — A well-kept lumber yard. 

Figures 92 and 93 show lumber piles in yards where careful 
attention has been giveii to piling and yard arrangement. 

KILN DRYING 

Lumber is kiln dried when there is need for seasoning it 
quickly, or when the manufacturer does not wish to carry large 
stocks in his yard. A kiln is used also when partially air-seasoned 
or even fully air-seasoned material is to be dried further for spe- 
cial uses. 

The main problem in kiln-drying lumber is to prevent the 
moisture from evaporating from the surface of the pieces faster 
than it is brought to the surface from the interior. When this 
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is not prevented, the surface becomes considerably drier than 
the interior and begins to shrink. If the difference in moisture 
content is sufficient, the surface portion opens up in checks. 

The evaporation from the surface of wood in a kihi can be 
controlled to a large degree by regulating the humidity, tem- 
perature, and amount of air passing, over the wood. A correctly 
designed kihi, especiaUy one for drying the more difficult woods, 
should be constructed and equipped in a way to insure this 
regulation. 

A dry kiln may consist simply of a box in which lumber can be 
heated, or of a good-sized building or group of buildings (battery) 
containing steam pipes, condensers, sprays, and various air 
passages capable of adjustment to regulate the amount of ven- 
tilation. The elaborateness of the kiln depends, of course, mainly 
upon the value of the lumber that is to be dried. For lumber 
worth $100 per 1,000 board feet, it will pay to use more careful 
drying methods than for material valued at $20 or $25 per 1,000 
board feet. 

Types of Kilns. — ^Kilns for drying lumber may be divided into 
two general classes: (a) compartment kilns, and (6) progressive 
kilns. In compartment kilns the conditions are changed during 
the drying process, and all lumber in the kiln is dried at one time. 
The conditions at any time during drjdng are uniform throughout 
the whole kiln. In a progressive kiln conditions at one end differ 
from those at the other, and the lumber is dried progressively by 
being passed through the kiln. Compartment kilns are used 
when it is desired to dry lumber of various sizes and species; 
progressive kilns are generally used where uniform stock is 
handled. 

The methods of operation generally used in lumber kilns are: 
(a) natural ventilation (see Fig. 94), (6) condensing (see Figs. 
95 and 96), and (c) superheated steam (see Fig. 97). 

In kilns operating by natural ventilation, the humidity or 
dampness is controlled by the use of escaping steam and evapo- 
rated moisture. Circulation in progressive kilns is largely longi- 
tudinal and in compartment kilns transverse. Moist air is 
allowed to escape from the kiln. 

In condensing kilns the humidity is controlled by recirculating 
the air, which has taken up water from the lumber, across water 
pipes or through water sprays. The temperature of the pipes 
or sprays governs the amount of water that condenses from the 
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air, and consequently regulates the humidity of the air when re- 
heated before being paseed over the lumber again. The cirouta- 
tion of air may be either natural or forced. Condensing kilns 
are generally of the compartment type. 



Fia. 94. — Scheme of a proBreaaive kilo operated by natural ventilBtiOD. 
The entering air paasea throu^ the heating coils beneath the lumber piles 
then up through the lumber and out t^ way of the chimney. Steam may be 
admitted to raise the humidity. 



Fia. 96. — Scheme of a progressive blower kiln with a eoodenser for regulating 
the humidity. Air mora or less setiirated with rnoisture taken up in passing 
over the lumber ia drawn from the green end of the kiln through oold'water coils, 
where it is cooled and part of the moisture it contains is deposited. After passing 
through the fan, the air ia heated in the steam coils and made relatively drier. 
At the dry end of the kiln this heated air posses over lumber already pEirtially 
dry and gradually removes moisture until the proper degree of dryness is reached. 
When this occurs the lumber truck at the dry end Is removed and a truck with 
green lumber run in at the green end- By varying the temperatures in the cool- 
ing and in the hestiue coUb the conditions In the kiln may be regulated. 

Kilna operating with superheated steam are used only where 
the species to be dried are not injured by high temperatures, 
and where fast drying is advantageous. 
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Lumber may be piled on the tmclcB which carry it into the 
kiln in any one of three ways (Fig. 98) : (a) flat or horizontal, 
(b) edge or vertical, and (c) incHned. Flat piling is best for 
longitudinal circulation. It is not so well adapted for transverse 
circulation, and is not economical for downward circulation. 
Vertical piling increases the truck capacity, as there are no 



Tia. 96. — Crogg sectioti of coapartment Bprny kilo developed by U. B. Forest 
Service. The air ia heat«d by the coils {H), rises between the piles, and piusea 
tliTOUEh them, taking up moisture from the wood. The coaled and heavier 
air then flows downward through the spray (F) and the flue (B) and then through 
the baffle platee (D) to the besting coils again. The condenser (GO is available 
if necessary. The temperature and velocity of the spray, the temperature of 
the heating coils and CDudensers, and the method of piling the lumber can be ' 
regulated to obtain the proper conditions for drying. It is frequently desirable 
to leave a space between boards in the same layer instead of placing them close 
together as shown. 

vertical spaces between the boards. Probably it is the best 
method for downward or any fast circulation. Provision has 
to be made, however, for keeping the boards in place in the stack. 
Inclined piling allows for a definite movement of air either 
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downward or upward (forced draft) and is in many cases an 
improvement, as regards circulation, over horizontal or flat piling* 
Some kiln operators using the flat or horizontal method of 
piling report excellent results from the construction of a V- 
shaped opening in the center of the truck pile. Such openings 
are from 2}^ to 3 feet wide at their base, and from 33^^ to 4 
feet high. Where this practice is followed it is customary 




Fig. 97. — Cross section of a compartment kiln operating with superheated 
steam. Edge stacking with a device for taking up shrinkage is shown. Heating 
coils are located on each side of the kihi. Steam is admitted between the pile 
and the coils. The circulation is down through the pile and up on each side. 
The temperature and quality of steam and the temperature of the heating coils 
can be regulated to obtain the proper conditions for drying. 

also to place the boards in the layers closer together as the top 
of the stack' is reached, to force greater lateral circulation. 

In loading lumber on kiln trucks by any one of the three 
methods mentioned, the stickers should be of a uniform thickness 
and arranged in the piles in alignment. 
J Jt|ie advisable not to attempt to dry various thicknesses of 
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lumber t^^ether. Thick lumber takes longer to dry than thin 
lumber; and when different thicknesses are mixed the operation 



INCLINED PILES 



FLAT OR HORIZONTAL P 



has to be governed by the thick stock, to the possible detriment, 
or at least the unnecessarily long drying, of the thin stock. 
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Prelimiiuury Treatments.. — ^Lumber to be kiki dried is sometimes 
steamed in a separate compartment before being placed in the 
kiln proper, especially where the kiln is not designed for moist- 
air treatment. The object of- the steaming is to heat the lumber 
and thus make easier the transmission of moisture from the 
interior to the surface, and also to moisten the surface in case 
it has become casehardened or "set" during partial air drying. 
Other effects, also, are produced, which to a greater or less extent 
change the properties of the wood. Changes of a chemical nature 
apparently take place; for example, ''sap" is changed by 
"cooking," as indicated by a darkening of the wood, the degree 
of coloring depending upon the temperature and duration of the 
process. 

The pressure and duration of steaming desirable in kiln 
drying have not yet been thoroughly worked out. Durations 
of from five minutes to twenty-four hours or longer and pressures 
ranging from atmospheric to 50 pounds gauge have been used in 
practice. The higher the pressure the greater is the effect pro- 
duced, and the longer the time the more thoroughly the treatment 
penetrates the wood. Experiments have shown that a pressure 
sUghtly above atmospheric for twenty-four hours will slightly 
darken 2-inch maple clear through, and a pressure of 40 pounds 
will turn oak and probably other hardwoods almost black. Even 
where the strength of the wood is not the primary consideration, 
it probably is not safe to exceed 15. pounds gauge pressure 
(250® F.), except for special purposes. 

In transferring lumber from a compartment for preliminary 
treatment to the kiln proper, every care must be used to avoid 
a sudden change in humidity. 

The Process of Drying. — After the wood has been heated 
thoroughly in a humid atmosphere, either in the kiln proper or 
in a separate compartment, it is ready to have the moisture 
removed by evaporation from the surface. 

In kiln drying, uniform circulation apparently is the most 
important thing to be secured. The fact that air when it enters 
the drying chamber will be cooled, and therefore will tend to 
fall, should govern the method of piling and the directions of 
circulation.^ This means that the air should be allowed and as- 
sisted to pass downward through the pile, either by entering at the 

1 See "The Circulation in Dry Kilns," by H. D. Tiemann, U. S. Forest 
Service, Lumber World Review, May 10 and June 10, 1916. 
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top of the pile or by an adaptation of this principle to other 
methods of piUng. 

The rate of evaporation may be controlled best by regulating 
the amount of moisture in the air (relative humidity) circulating 
about the lumber in the kiln; it should not be controlled by 
reducing the air circulation, since a large circulation is needed 
at all times to supply the necessary heat. Air at 100 per cent, 
relative humidity contains all the water it can carry and has no 
effect in drying wood. If, however, the humidity is reduced 
to 80 per cent, and the air then passed through a pile of wet 
lumber, the air can take up a certain amount of moisture. 
If drying does not progress rapidly enough with the circulating 
air at 80 per cent, humidity, it may be reduced still further. 
This may be accomplished by ventilation, by condensers, by 
water or steam sprays, or in a number of other ways. If checking 
begins during the drying process, the humidity should be in- 
creased until it stops. Steam jets in a kiln are often useful for 
this purpose. In changing the humidity, the circulation should 
not be reduced. A large body of moving air is necessary in order 
to keep a uniform temperature clear through to the center of each 
piece of wood in the pile and at the same time supply the heat 
required for evaporation. If sufficient circulation is not se- 
cured, the supply of heat for both purposes will be lacking and 
the material will not dry uniformly. 

The conditions suitable for drying lumber of a certain kind are 
dependent on the use to which the wood is to be put. For some 
purposes a decrease in strength due to rapid drying is allowable 
so long as the appearance of the wood is not harmed arid it stays 
in place and does not check. Inside finish, siding, and certain 
kinds of furniture are examples. For other purposes, such as 
airplane, vehicle, and handle stock, the full strength of the wood 
must be preserved, and the drying slowed down until there is 
no injury to the mechanical properties of the wood, even though 
the appearance may be entirely satisfactory. 

The conditions that will generally give satisfactory drying 
and preserve the strength of the wood are a temperature of from 
110 to 140** F. or higher at the start, depending on the kind of 
wood and the thickness of the pieces, and a humidity of from 80 
to 85. The temperature is gradually raised as drying proceeds 
to a final temperature of 135 to 160° F. or higher while the hu- 
midity is gradually lowered to around 30, depending on the thick- 
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neaa of the lumber and the degree of dryness required. The time 
required for drying depends on the thickness of the stock and the 
amount of moisture it contains. Some of the softer woods in 
the form of 1-inch boards may be dried in a few days to 10 per 
cent, moisture, while thick {3-inch) oak stock may require three 
months or more. The lumber should be inspected at frequent 
intervals during the run. If small checks appear, the humidity 
should be raised and probably the temperature lowered. A 
sample about 2 feet long may be cut from a typical piece in the 
stack to be dried before the run starts and its moisture and weight 
determined. This sample should then be replaced in the stack. 
By removing and weighing the sample during the run the rate 
at which drying is proceeding throughout the pile can be closely 
estimated. Sections cut from pieces in the stack at the comple- 
tion of the run and resawed as in Figs. 64 and 65 may be used 



Fia. 99. — Typical conditiona in a kiln during a run. 

to show whether the lumber is casehardened or not, and also to 
show if the moisture is evenly distributed. Sections may also 
be cut into pieces and the moisture determined in the interior 
and surface portions to show ■ the moisture distribution (see 
"Method of Determining Moisture in Wood" in Chapter III). 

Figure 99 shows the conditions in a kiln during a run, with ref- 
erence to temperature, humidity, and moisture in the wood. It 
will be noted that the humidity is kept high at first and lowered 
gradually. The temperature is held at a certain level for some 
time and then raised. The moisture is lowered gradually to a 
final condition of less than 10 per cent. 

The maximum rate of drying at a given temperature is reached 
when moisture is evaporated from the surface of the wood just 
as fast as it is transmitted from the interior. This rate is fixed 



THE SEASONING OF WOOD 



159 



8 

o 

94 

s 

8 
« 






a 

o 
H 



by the rate of transmission of moisture within the wood, and 
varies with different woods. 

The temperature of drying apparently influences the rate of 
transmission of moisture within the wood. The higher the tem- 
perature of the wood the more rapid is the rate of transmission 
of the moisture, and hence the rate at which the moisture may be 
evaporated safely. This, of course, applies only to temperatures 
below those which might result in injury to the wood. 

Figure 100 shows theoretical conditions in a kiln where both 
preliminary and final steaming are used. Casehardening that 
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Fio. 100. — Theoretical conditions in kiln while drying lumber 2 inches thick 

of the lighter pines, spruces, etc. 



occurs during the drying is removed by a few hours steaming at 
the end of the run. The oaks, hickories, and other heavier hard- 
woods require a longer period of drying to avoid checking and 
excessive casehardening. Lumber 1 inch thick can be dried in 
one-half the time given or less. 

Drying tends to render wood more or less brittle. Although 
the strength of wood increases with its degree of dryness, yet 
wood which has been dried and resoaked is less resilient than when 
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green. Therefore, where strength is the prime consideration, 
it is preferable not to dry the wood considerably beyond the 
degree at which it is to be used. The final stage of kiln drying 
is generally conducted at a humidity somewhat below the actual 
humidity that on long exposure would produce the same average 
moisture condition. This is done in order to hasten the drying 
and to make it uniform throughout each piece. 

Storage of Dried Lumber. — Since wood is a very hygroscopic 
substance,, lumber stored under certain conditions will tend to 
come to a moisture content corresppnding to the temperature 

85 



80 



25 



I 

r 



• 




COMPOSITE CURVE 

SHOWING THE MOISTURE CONTENT OF FIVE 

WOODS AT DIFFERENT HUMIDITIES .AND 
ORDINARY ROOM TEMPERATURES 






r 

•au 






• White Oak O Sitka Spruot 
Black Walnut • Yellow Direh 

• Aah 




..>• 












• 








•i 


»r 


25 
20 

15 

10 

5 







• 










• A 


r 


■ 


• 










^•^ 


^y^^ 


» 












,^ 


^^ 


'T 












.--'' 


i^^J 

















10 



20 



80 



90 



100 



80 40 60 00 70 

Per Gent BelatiTe Humidity 
Fig. 101. — Composite curve of moisture content of five woods at different 

humidities and ordinary room temperature. 

and humidity under which it is stored. Lumber kiln dried to a 
moisture content of 6 or 8 per cent, and then stored under an 
open shed will reabsorb moisture up to about 15 per cent., while 
lumber dried to 15 or 20 per cent, moisture and then stored in a 
wood-working shop will tend to dry out to about 6 per cent. 
The time required for lumber to reach a condition of moisture cor- 
responding to the conditions of storage depends largely on the 
thickness of the material. The humidity of the storage condi- 
tions largely determines the final moisture. The moisture con- 
tent reached by lumber stored under ordinary room tempera- 
tures for different degrees of humidity is shown in Fig. 101. 
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The data were obtained by storing samples of five different woods 
under different humidities until their weight was constant. There 
was no practical difference in the moisture content reached by 
the different woods at the same humidities. The proper humidi- 
ties for storing lumber which it is desired to hold at a certain 
moisture content are shown by the curve. At higher tempera- 
tures the moisture content reached by the wood for any certain 
humidity would be less. For temperatures around 200° F. a 
humidity of about 80 would be required to hold wood at a mois- 
ture content of 10 per cent., while at room temperature (about 
70* F.) a humidity of about 55 corresponds to 10 per cent, 
moisture. 



CHAPTER VI 

THE GRADING OF LUMBER BY MANUFACTURERS' . 

ASSOCIATIONS^ 

Principles of Lumber Grading — Manufacture and Dis- 
tribution OF Graded Lumber — Hardwood Lumber 
Grading — Hardwood Associations — Comparison of 
Rules — Softwood Lumber Grading — General Char- 
acter OF THE Rules for Softwoods — Description of 
Typical Rules 

PRINCIPLES OF LUMBER GRADING 

The grade of a piece of lumber, is at present determined by the 
number, size, and location of the visible defects it contains. 
Clear pieces are placed in the highest grade, pieces with a few 
defects in the next grade, and so on down to the lowest grades 
or culls. 

Defects include knots, stained sap, shake, wane, rot, pitch 
pockets, splits, and seasoning checks. In lumber for some pur- 
poses the presence of certain defects is allowable; for other uses 
only clear material is suitable. Where only clear pieces are 
suitable the value of the raw material depends upon the number 
of such pieces of a certain size that can be obtained from it. In 
the case of sheathing for a house, over which the siding is nailed, 
knots, stained sap, and seasoning checks in reasonable quantity 
are allowed because they do not injure the lumber for that pur- 
pose. ' On the other hand, material for certain classes of furniture, 
table tops for example, must be clear and not less than a minimum 
width and length, so that the suitability of lumber for such use 
is entirely a matter of the clear cuttings that it will yield. Dif- 
ferent uses call for cuttings of different kinds. Some products, 
such as flooring, require long, narrow cuttings for their manufac- 
ture; others, such as furniture stock, require short, wide cuttings. 
In some uses (highest grade flooring) one side only need be clear 

* See paper by H. S. Betts and J. C. Nellis, Forest Service, Department 
of Agriculture. 
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because the other does not show, while in other uses (best grade 
door stock) both sides of the cuttings are exposed to view, and 
should be clear. In certain uses, such as siding, one edge is 
covered when it is finally in place, so that some defects in the 
covered edge are allowable and the raw material is selected with 
this in mind. 

Grading rules for lumber are generally prepared by associations 
of lumber manufacturers whose members cut certain species 
which grow in the same region. Figure 102 shows the names and 
headquarters of the principal lumber manufacturing associations 
and the woods covered by their grading rules. 

MANUFACTURE AND DISTRIBUTION OF GRADED LUIQER 

In the manufacture of graded material the trees are felled and 
the logs cut into standard lengths to a top diameter in the tree 
varying from 12 inches to 4 inches, depending on the species 
and on the condition of the market. When there is a large 
demand for low-grade material, as in prosperous times, it is possible 
to carry the utilization of the tree a good deal further than when 
the demand for low grades is very slack. This applies both to 
the smallness of top logs which cah be used at a profit and to 
more or less defective logs which will not 3rield high-grade 
material. In some parts of the country logs are divided into 
two or three grades, depending on their size and the defects 
they contain. Log grading is generally based on the proportion of 
the higher grades of lumber that can be obtained from them. 

The proportion of the different grades that are obtained from, 
a log depends to a considerable extent upon the judgment and 
skill of the sawyer. This is probably true to a greater extent in 
hardwoods than in softwoods. There is more opportunity for 
the exercise of judgment in sawing the more valuable hardwoods 
than in sawing the conifers because in operations in conifers the 
logs are more regular and the methods more standardized. 

In some parts of the country, especially New England, it is cus- 
tomary to manufacture what is known as "round edge" lumber. 
That is, the logs are simply sawed into flitches at a single setting, 
no attempt being made to trim the edges of the material. About 
10 per cent, more lumber, board measure, is obtained by this 
method than by sawing all boards with parallel edges. Such 
lumber is usually loosely graded by local unwritten rules. 
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The distribution of luinber from the mills where it is manu- 
factured is influenced largely by the grade of the material and 
its corresponding price. High-grade lumber can be shipped 
comparatively long distances and still yield a profit to the manu- 
facturer in spite of a high freight charge. Low-grade material, 
however, of comparatively little value can stand only a short 
haul. On this account, it is generally only the higher and 
medium grades of species growing in different regions that come 
into competition. Woods put to special uses and structural 
timbers cut only in certain regions do not follow the general 
rule. The distribution of grades is also affected by the pros- 
perity of the country. In good times the demand for the lower 
grades greatly increased, as a result of increased building and 
construction of all kinds; prices rise, and it is possible to ship 
low-grade material further and still make a profit on it. High- 
grade stock is much less influenced in both distribution and price 
by changes in business conditions. 

HARDWOOD LUMBER GRADING 

Hardwood Associations. — Nearly all hardwood lumber pro- 
duced in North America is graded according to the rules of 
two lumber associations, the National Hardwood Lumber 
Association and the Hardwood Manufacturers' Association 
of the United States. 

Fifty years ago practically no hardwood lumber was graded. 
There was only a very limited demand for it in the wood-using 
industries; the chief problem of manufacturers was finding a 
market, and they sold their output "mill run" to jobbers, 
wholesalers, and other buyers. 

The first attempt to grade hardwood lumber on the market 
was made by an association of wholesale dealers in New York. 
The New York Lumber Association formulated rules for use 
in trading on the New York market and for export lumber. 
These rules, naturally, were extremely favorable to the jobber and 
wholesaler and admitted onl}*^ entirely clear stock in the upper 
grades. Outside of New York there were no rules in force, until 
in 1894 the National Wholesale Lumber Association was or- 
ganized to estabUsh uniform grading rules for hardwoods. 
This association, by judicious revision of the old New York rules, 
succeeded in obtaining members representing both wholesalers 
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and manufacturers. In 1900 the association changed its name 
to the National Hardwood Lumber Association. In the mean- 
time the manufacturers of hardwood lumber in the Middle States 
had formed an organization of their own and adopted indepen- 
dent rules. This association was not successful and was finally 
merged with the National Harwood Lumber Association about 
1900. Many of the manufacturers of the Middle States and 
especially in the South withdrew when the merger took place 
and organized the present Hardwood Manufacturers' Association 
of the United States. 

There are other hardwood associations in existence at the 
present time, but they use the rules of one or the other above 
associations, having no separate rules of their own. 

The members of the Hardwood Manufacturers' Association 
are manufacturers. They operate largely in the central and 
southern hardwood region. 

The National Hardwood Lumber Association is the larger 
association, and is composed of manufacturers in the northern, 
central, and southern regions and wholesalers in all the principal 
distributing points. 

The grades adopted by these two associations for the various 
kinds of hardwood lumber are shown in Table 21. 

Table 21. — Gradbs Adopted for Hardwood Lumbbr Products 

national hardwood lumber association 



Ash 

Basswood 

Beech 

Birch 

Black gum 

Buckeye 



Product 



August, 

Kinds of 

Butternut 

Cherry 

Chestnut 

Cottonwood 

Cypress 

Elm 

Hackberry 



1917, Rules 

Woods Graded 

Hickory 

Locust 

Magnolia 

Mahogany 

Maple 

Oak 

Pecan 



Oaky Plainr8aw€d, Red and White 

Grades 



Poplar 

Red gum 

Sycamore 

Tupelo 

Walnut 

Willow 



Lumber Firsts & Seconds 

Selects 

No. 1, 2, 3 Common 

Sound Wormy 



THE GRADING OF LUMBER 167 

Tablb 21. — Gradbs Adopted for Hardwood Lumber Products (Contd,) 

Oakf Plain-aatoedf Red and White (Continued) 
Product Grades 

Squares Firsts & Seconds 

Sound 

No. 1, 2 Common 

Step Plank Firsts & Seconds 

Common 

Strips Clear 

Clear Sap 

No. 1| 2 Common 

Plank and Timbers Common Dimension 

No. 1, 2 Bridge Plank 
Common Timbers 
Sound, Square-edged 
Wagon Stock — 

Bolsters No. 1, 2 

Sandboards. No. 1, 2 

Reaches No. 1, 2 

Poles No. 1, 2 

Sawed Felloes No. 1, 2 

Bending Oak Firsts & Seconds 

No. 1 Common 

Oak^ Quartersawedj Red and White 

Lumber Firsts & Seconds 

Selects 

No. 1) 2, 3 Common 

Strips. ; Clear 

Clear Sap 

No. 1, 2 Common 

Hickory 

Lumber Firsts & Seconds 

No. 1) 2, 3 Common 
Wagon Stock — 

Axles No. 1, 2 

Bolsters No. 1, 2 

Sandboards No. 1, 2 

Reaches No. 1, 2 

Eveilers No. 1, 2 

Poplar 

Lumber Panel & Wide No. 1 

Firsts & Seconds 

Saps 

Selects 

Stained Saps 

No. 1, 2 (A & B), 3 Common 
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Table 21. — Grades Adopted *^r Haedwood Lumber Products (Conid.) 

Poplar (Continued) 
Product Grades 

Squares Firsts & Seconds 

Sound 

No. 1, 2 Common 

Strips . . . . ! Clear 

Sap 

No. 1, 2 Common 

Lath , No. 1, 2 

Wagon Box Boards One Grade 

Bevel and Drop Siding No. 1, Selects 

No. 1, 2 Common 

Dressed Dimension Strips No. 1, Selects 

No. 1, 2 Common 

Casing and Base Firsts & Seconds 

Selects 

No. 1 Common 

Flooring, Partition, and Ceiling No. 1, Selects 

No. 1, 2 Common 

Moldings No. 1, 2 

Poplar^ Quarter-sawed 

Lumber Firsts & Seconds 

No. 1 Commons 

HARDWOOD MANUFACTURERS* ASSOCIATION OF THE UNITED STATES 

March 1, 1917, Rules 
Kinds of Woods Graded 

Ash Buckeye Hackberry Pecan 

Basswood Butternut Hickory Poplar 

Beech Cherry Magnolia Red gum 

Birch Chestnut Mahogany Sycamore 

Black gum Cottonwood Maple Walnut 

Elm Oak 

Oakj Plain-sawed, Red or White 

Product Grades 

Lumber Firsts & Seconds (FAS) 

Selects 

No. 1, 2, 3, 4 Common 
Firsts & Seconds Wormy 
No. 1 Common Wormy 
Core Stock 

Strips Clear Face 

No. 1, 2 Common 



Construction Oak 
' Structural Timbers 
Sound, Square Edge 
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Table 21. — Grades Adopted for Hardwood Lumber Products (Contd,) 

Oaky Plainsaiued, Red or White (Continued) 
Product Grades 

Step Plank Firsts & Seconds (FAS) 

No. 1 Common 
Plank and Timbers — 

Construction Timbers and Plank 

Locomotive and Car Timbers 

Switch and Cross Ties 

Bridge and Crossing Plank 

Sheet Rling 

Cattle Guards 

Bumping Posts 

Wagon Stock — 

Bolsters , One Grade 

Sandboards One Grade 

Reaches One Grade 

Poles One Grade 

Sawed Felloes One Grade 

Bent Rims One Grade 

Wagon Spokes (White Oak) Second Growth, A. B. 

Dimension Material — 

Seat Stock One Grade 

Chair Frame Stock One Grade 

Table Tops One Grade 

Chair Backs One Grade 

Band-sawed Patterns One Grade 

Implement Stock — 

Plow Handle Strips One Grade 

Octkf Quarter-sawedj Red or White 

Lumber Firsts & Seconds (FAS) 

Selects 

No. 1, 2, 3, 4 Common 
Strips Clear Face 

No. 1, 2 Common 
Step Plank Firsts & Seconds (FAS) 

No. 1, Common 

Hickory 

Lumber Firsts & Seconds (FAS) 

No. 1, 2, 3, 4 Common 
Wagon Stock-r- 

Vehicle Wheel Stock A, B, C, D, E 

Axles No. 1 

Bolsters One Grade 



170 TIMBER 

Table 21. — Grades Adopted for Hardwood Lumber Products (CorUd.) 

Hickory (Continued) 

Product Grades 

Wagon Stock {Continued) 

Sandboards One Grade 

Reaches One Grade 

Eveners One Grade 

Poplar 

Lumber Panel & Wide No. 1 

Firsts & Seconds (FAS) 

Selects 

Saps 

Wide No. 2 

No. 1, 2y 3y 4 Common 

Scoots 

Car Sign Boards One Grade 

Wagon Box Boards One Grade 

Shorts No. 1, 2 

Strips No. 1, Select 

No. 1, 2 Common 
Squares Firsts & Seconds (FAS) 

No. 1, Common 
Bevel and Drop Siding No. 1, Selects 

No. If 2 Common 
Dressed Dimension Strips No. 1 Selects 

No. 1, 2 Common 
Casing and Base Firsts & Seconds 

Saps and Selects 

No. 1 Common 
Flooring, Partition, and Ceiling No. 1, Selects 

No. 1, 2 Common 
Moldings No. 1, 2 

Poplar, Quartered 

Lumber Firsts & Seconds (FAS) 

No. 1, 2 Common 

Note. — Products and grades for oak, hickory, and poplar only are given 
in Table 21. Products and grades for other woods listed are similar. 

Comparison of fhe Rules. — The first rules for grading hard- 
woods adopted by the New York Lumber Association contained 
only a few grades applicable to all species and were compara- 
tively crude and unsatisfactory. The present rules of the 
Hardwood Manufacturers' Association contain about 300 grades, 
including rules for the inspection of all kinds of hardwood 
lumber and special forms, such as molding, partition, siding, 
flooring, etc. The rules now used by the National Hardwood 
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Lumber Association contain about 400 grades, including ' all 
species and special forms. 

The comparative merit of the grading rules of the two as- 
sociations has been a mooted question for a number of years. 
Numerous attempts have been made to bring about an agree- 
ment between the rival associations. Each association has tried 
to convince the other of the superiority of its rules and to per- 
suade the other to adopt them; and efforts have been made to 
bring about the adoption, on common, of a single set of rules. 
Every effort has failed, in spite of the fact that the members of 
both associations desire uniformity in grading hardwoods. The 
American Hardwood Manufacturers' Association, recently or- 
ganized to exploit hardwoods, is expected to be a strong factor 
in the movement to effect uniformity in rules. 

A comparison of the wording of the two rules seems to show 
that they are very similar. The chief difference is whether 
the grading is to be based upon the better side of the piece, the 
poorer side, or both sides. The National Hardwood Lumber 
Association rules formerly required inspection to be made on the 
poorer side of the piece; but now one regular and two special 
grades out of a total of seven are inspected on the face or best 
side. The Hardwood Manufacturers' Association requires 
both sides of the piece to be considered in determining the grade. 
The difference between inspection on the worse side and on both 
sides affects the whole of each rule so that, the similarity of 
wording in other respects is misleading. It is obvious that 
inspection on the worse side is more satisfactory to the jobbers, 
and inspection on both sides to the manufacturers. 

Another difference is in the number of grades. The National 
rules include Firsts and Seconds, Selects, and Nos. 1, 2, and 3 
Common, as well as special Nos. 1 and 2 Common Face; while 
the Manufacturers' rules provide for Firsts and Seconds and 
Nos. 1 , 2, 3, and 4 Common, also Selects in oak and poplar. 

The following summary of the rules of both associations 
is an attempt to pick out the fundamental requirements for 
the different grades, irrespective of species. It is, therefore, 
not to be considered as a grading rule for hardwoods, but is 
merely a brief, general summary of the principles involved, 
without regard to the innumerable details of exact inspection 
of specific kinds of woods. 
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SUMMART OF THE RuLES OF THE NATIONAL HaRDWOOD LUMBEB 

Association 

Note. — Inspection must be made upon the poorer side of the piece, 

except as otherwise specified. 

1. Standard Lengtiis. 

Standard lengths are from 4 to 16 feet inclusive in 1 foot multiples, 
but not over 15 per cent, of odd lengths are admitted. 

2. Standard Thicknesses for Rough Lumber. 

H in. H in. 1^ in 2 in. 3^ in. 5 in. 

H in. H in. IH in. 2)4 in. 4 in. 5H in. 

}i in. 1 in. 1^ in. 3 in. 4}i in. 6 in. 

The standard thicknesses of lumber surfaced on two sides are He in. 
less for pieces 1 in. and under, ^2 in. less for pieces 1)4 in. and l}i in., 
and ^i in. less for pieces 1^ in. and over. Surfaced lumber ismeasured 
on the basis of rough dimensions. 



8. (a) Standard Grades. 

Firsts and Seconds 

Selects 

No. 1 Common 

(6) Special Grades. 

No. 1 Common Face 



No. 2 Common 
No. 3 Common 



No. 2 Common Face 



4. Woods Included. 

Ash 

Basswood 

Beech 

Birch 

Black gum 

Buckeye 

Butternut 

Cherry 

Chestnut 



Cottonwood 

Cypress 

Elm 

Hackberry 

Hickory 

Locust 

Magnolia 

Maple 

Oak 



Pecan 

Poplar 

Red gum 

Sycamore 

Tupelo 

Walnut 

Willow 



6. Description of Standard Grades. 



Grade 

Firsts and Sec- 
onds 



Length Allowed 

8 to 16 feet 
(Not more 
than 20% to 
be less than 
12 feet) 



Width Allowed 
6 in. and wider 



Defects Allowed 

Hanging from no 
defects in pieces 
2 to 9 surface ft. 
to 5 defects in 
pieces of 20 sur- 
face "feet. 
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Grade 


Length Allowed 


Widlh AUowed 


Defects AUowed 


Selects 


6 to 16 feet 


4 in: and wider 


Ranging from 


• 


(Not more 


• . • . 


pieces 6 ft. and 




than 30% to 




7 ft. long, clear 




be less than 


.- 


one face, to lar- 


• 


12 feet) 


■ 


ger pieces not 
less than Firsts 
and Seconds on 
best face and 
No. 1 Common 
on reverse. 


No. 1 Common 


4 to 16 feet 


3 in. and wider 


Must be clear in 




(Not more 




4 ft. and 6 ft. 




than 10% to 




lengths, and in 




be less than 




3 in. and 4 in. 




8 feet) 




widths under 8 




• 




ft. long. Wider 
and longer 
pieces must 
work 66%% 
clear on from 2 
to 4 cuttings. 
(No cutting less 






/ 


than4in. X2ft. 
or 3 in. X 3 ft.) 


No. 2 Common 


4 to 16 feet 


3 in. and wider 


Must work 50% 




(Not more 




clear face in 




than 10% . 




from 3 to 5 




under 6 feet) 




cuttings accord- 
ing to width and 


^ • 


• 




size of piece. 
No cutting less 
than 3 in. X 


■. 






2 ft. (In some 
woods cuttings 
required sound 
instead of clear.) 


No. 3 Common 


4 to 16 feet 


3 in. and wider 


Must work" 25% 
sound cuttings. 
(No cutting less 
than 1^ in. 
wide nor less 
than 36 square 
inches.) 
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Exceptions, — Firsts and Seconds for rock elm, hickory, and pecan are 



as follows: 

Grade 

Firsts and Sec- 
onds 



Length Allowed Width Allowed 

8 to 16 feet 4 in. and wider 
(30% of 8 ft. 
t o 10 f t. 
lengths are 
allowed) 



Defects Allowed 

Ranging from 
clear pieces 4 in. 
wide to p'ecrs 
with 4 defects 
in 18 surface 
feet. 



Firsts and Seconds for walnut and butternut are as follows: 

Firsts and Sec- 8 to 16 feet 6 in. and wider Ranging from 1 
onds (Not more standard defect 

than 35% to and ^ in. sap 

be less than in pieces under 

10 feet) 10 ft. long and 

under 8 in. wide 
to 3 defects and 
3 in. of sap in 
pieces 10 ft. 
long and over 
by 12 in. wide 
and over. 
^ Descriptioii of Special Grades. 

No. 1 Common Face grade is the same as Standard No. 1 Common, 
except that it is inspected from the better side. 

No. 2 Common Face grade is the same as Standard No. 2 Common 
except that it is inspected from the better side. 

Panel and Wide No, 1 
(When combined must be at least 50% Panel) 



POPLAR, COTTONWOOD, AND GUM 



Grade 
Panel 



Width and Thickness 

18 in. and over by 
^^ in. to 2 in. 



Lengths 
8 to 16 feet 



Defects Allowed 

50% of total quan- 
tity must be 
clear both sides; 
remainder may 
contain defects, 
provided 90% 
of the piece can 
be used for pan- 
els in cuttings 
4 ft. long by the 
full width. 
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Orade Width and Thickness Lengths Defects AUowed , 

Wide No. 1 18 in. and over by 6 to 16 feet 6 ft. and 7 ft. 

^ in. to 2 in. pieces must be 

clear; longer 
pieces must 
work 75% clear 
in 4 ft. and 
longer cuttings 
by full width of 
piece. 

7. Standard Defects. 

Each of the following defines one standard defect: 

(1) One knot 1>^ in. in diameter. 

(2) Two knots not exceeding in extent of damage one 1^ in. knot. 

(3) One split not diverging more than 1 inch to a foot, and not 
longer in inches than the surface measure of the piece in feet. 

(4) Worm, grub, knot, and rafting pin holes not exceeding in extent 
of damage one lyi in. knot. 

Summary op the Rules of the Hardwood Manufacturers'. 

Association of the United States 

Note. — Both sides of the piece must be taken into consideration in 

making the grade. 

1. Standard Lengths. 

Standard lengths are from 4 to 20 feet; 15 per cent, of odd lengths are 
admitted in any grade. 

2. Standard Thicknesses for Rough Lumber. 

% in. 1 in. 2 in. 3 in. 

Kin. lyiin. 2y4,\n. 3J^ in. 

% in. m in. 2^ in. 3M in. 

Jiin. 10 in. 2?i in. 4 in. 

Ten per cent, of the shipment may be He in. scant. 

The standard thicknesses of lumber surfaced on two sides is H^ in. 
less than the thickness of the rough lumber for pieces from K in. to 
to 1 in., %2 in. less for pieces % in., IH in., and 1^ in., and Ji in. 
less for pieces 1% in. and over. Surfaced lumber is measured on the 
basis of rough dimensions. 

8. Names of Standard Grades. 

Firsts and Seconds No. 3 Common 

No. 1 Common No. 4 Common 

No. 2 Common 
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i. Species Included. 
Ash 

Basswood 
Beech 
Birch' 
Black gum 
Buckeye 
Butternut 
Cherry 

6. Description of Standard Grades. 



Chestnut 

Cottonwood 

Elm 

Hackberry 

Hickory 

Magnolia 

Maple 



Oaks 

Pecan 

Poplar 

Red gum 

Sycamore 

Tupelo 

Walnut 



Grade 

Firsts and Sec- 
onds 



Lengths Allowed 

8 to 20 feet (5% 
may be 8 feet 
and 9 feet, 
15% may be 
10 feet) 



No. 1 Common 6 to 20 feet (5% 

may be 6 feet 
and 7 feet, 
20% may be 
8 feet) 



No. 2 Common 4 



to 20 feet 
(10% may 
be 4 feet and 
6 feet, 15% 
may be 6 
feet) 



Widths Allowed 
6 in. and wider 



4 in. and wider 



3 in. and wider 



No. 3 Common 4 to 20 feet 3 in. and wider 



Defects Allowed 

Ranging from no 
defects in pieces 
less than 8 in. 
wide to 4 de- 
fects in pieces 
14 in. to 16 in. 
wide. 

Ranging from no 
defects in 6 ft. 
pieces under 8 
in. wide to 1 
defect in pieces 
over 8 in. wide. 
Other widths 
and lengths 
must work 66- 
%% clear face 
in from 2 to 6 
cuttings 01 at 
least 144 square 
inches. 

Ranging from no 
defects in pieces 
of 4 ft. lengths 
to 50% clear 
face cuttings in 
5 ft. and 
longer pieces. 
Cuttings to be 
at least 144 
square inches. 

Must work .50% 
sound cuttings 
3 in. by 2 ft. 
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Grade Lengths Allov>ed Widths Allowed 

No. 4 Common 4 to 20 feet All widths 



Defects Allowed 

Includes all liun- 
ber not up to 
No. 3 Conmion. 
Unsound lum- 
ber with suffi- 
cient substance 
to hold nails 
admitted. 



6. Additional Standard Grades in Certain Woods. 



Panel and Wide No, 1 
(Combined as one grade) 

POPLAR, COTTONWOOD, AND GUM 



Grade 


Lengths Allowed 


Widths Allowed 


Defects Allowed 


Panel 


8 to 20 feet 


18 in. and over 


Clear 8 ft. and 




(10% may 




9 ft. lengths. 




be 8 feet and 




76% of total 




9 feet, 10% 


• 


quantity must 




may be 10 


. 


be dear, bal- 




feet) 




ance may con- 
tain 3 defects, 




y 


• 


provided 90% 
of the piece will 
make panels not 
less than 4 ft. 
long and full 
width of piece. 


Wide No. 1 


8 to 20 feet 


18 in. and over 


Ranging from 1 




(10% may be 




standard defect 




8 feet and 9 




in 8 ft! and 9 ft. 




feet, 10% may 




lengths to 4 




be 10 feet) 




standard de- 




• 


• 


fects in pieces 
17 ft. to 20 ft. 
long. 




Selects 






OAK AND POPLAR 




Selects 


6 feet and 8 


5 in. and 6 in. 


In general not 




feet and over 


and over 


below Firsts 




• 




and Seconds 
on better face. 
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7. Standard Defects. 
Each of the following is a standard defect: 

1. One knot l^i inches in diameter. 

2. Two knots so located that the damage is not more than foi one 
standard knot. 

3. Worm holes, grub holes, or rafting pin holes not exceeding in 
damage one standard knot. 

4. Heart, shake, rot, dote, or any other defects not exceeding in 
damage one standard knot. 

5. Bark or waney edge not more than 1 inch in average width and 
not extending more than one-third the length of the board. Must show 
on one side only. 

SOFTWOOD LUMBER GRADING 

General Character op the Rules for Softwoods 

The grading of softwood lumber is complicated by the large 
number of rules in use. Different kinds of wood, such as southern 
yellow pine, white pine, Douglas fir, etc., are graded under differ- 
ent rules. Some species are included under the rules of two 
different lumber associations. The grades adopted for the various 
kinds of softwood lumber by the principal lumber associations 
throughout the United States are shown in Table 22. 

Table 22. — Grades Adopted for Softwood Lumber Products by 

Principal Lumber Associations 

Southern Pine AaaodcUion 

1917 Rules for Yellow Pine (Longleaf, Loblolly, and Shortleaf Pine) 

Product Grade 

Finishing A, B, C 

Panel Shop . 

Flooring Flat Grain— A, B, C, D, 

No. 1, 2, 3 Common 
Edge Grain— A, B, C, D, 
No. 1 Common 
No. 1 Common Factory 

Ceiling A, B 

No. 1 & 2 Common 

Wagon Bottoms A&B 

Drop Siding A&B 

No. 1 & 2 Common 

Bevel Siding A&B ' 

No. 1 & 2 Common 
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Table 22. — Grades Adopted for Softwood Lubabbr Products by 
Principal Lumber Associations — (Continued) 



Product 



Grade 



Partition A&B 

No. 1 & 2 Common 
Molded Casing, Window, and Door Jambs . A, B & C 

Molding B & Better 

Common Boards, Shiplap, and Bam Siding. No. 1, 2, 3, 4 Common 

Grooved Roofing. No. 1 Common 

Fencing No. 1, 2, 3, 4 

Dimension and Heavy Joist No. 1, 2, 3 Common 

Lath No. 1 & 2 

Timbers Select Structural 

Merchantable 
Square Edge & Sound 
No. 1 Common 

Georgia-Florida SavmiiU Assodaiion 
1916 Rules for Lumber and Planing-mill Products 

(Same as Southern Pine Association Rules) 

Interstate Rules of 1905^ and 1916* 

Yellow Pine 



Product 
Flooring 
Boards 
Planks 
Scantling 
Dimension 
Stepping 
Rough Edge or Flitch 



Grade 
Prime 

Merchantable 
Standard 



North Carolina Pine Association 
1917 Rules for Kiln-dried North Carolina Pine (Loblolly and Shortleaf Pine) 

Product Grade 

Rough and Dressed Lumber No. 1, 2, 3, Box, Culls 

Merchantable Red Heart 

Cull Red Heart 

No. 1 & 2 Shop 

No. 1 & 2 Bark Strips 

Box Bark Strips 

Flooring No. 1, 2, 3 A 4 Flat Grain 

No. 1 A 2 Rift ^ 

^ Adopted by Georgia-Florida Sawmill Association, North Carolina Pine 
Association. 
' Adopted by Georgia-Florida Sawmill Association. 



180 TIMBER • 

Table 22. — Grades Adopted for Softwood Lumber Products bt 
Principal Lumber Associations — (Continued) 

Product Grade 

Ceiling No. 1, 2, 3 & 4 

Partition. .No. 1, 2, 3 & 4 

Fencing. No. 1, 2, 3 & 4 

Base and Casing No. 1 & 2 

Gennan, Bevel and Drop Siding No. 1, 2, 3 & 4 

Rails.. No. 1&2 

Molding No. 1 

Factory Flooring and Roofers Same as Box 

Plank, Dimension and Timber One Grade 

Grades for air-dried are No. 1, 2, 3, Box, Culls, and Framing. 

Northern Pine Manufacturers* Association 

1915 Rules for Northern White Pine, Spruce, and Tamarack 

Product Grade 

Thick Finishing 1st, 2d, 3d Clear 

A, B, C, D Select 
Inch Finishing 1st, 2d, 3d Clear 

A, B, C, D Select 
D Stock & Box 

Siding A & Clear 

B, C, D & E 
Flooring A, B, C, D Flooring 

Farmerj Clear Flooring 
No. 1, 2, 3 Fencing (D & M) 
Shiplap, Grooved, Roofing, and D & M . . . No. 1, 2 & 3 

Factory Lumber No. 1, 2, 3 Shop Common 

Inch Shop Common 
Short Box 

Factory A Select & Better 
Factory B & C Select * 

Thick Common Lumber Tank Stock 

Select Common 

No. 1, 2, 3, 4, 5 Common 

Common Boards and Strips No. I, 2, 3, 4, 5 Common 

Dimension No. 1, 2, 3 

Lath No. 1 & 2 

Fencing. No. 1, 2, 3, 4 

White Pine Assodaiion of the Tonawandas 

Rules for White Pine — Not Dated 

product Grade 

Uppers 
Selects 
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Table 22. — Grades Adopted for Softwood Lumber Products by 
Principal Lumber Associations — {Continued) 

Product Grade 

Fine Common 

No. 1, 2 & 3 Chits 

No. 1 & 2 Moldings 

Stained Saps 

Star Clear 

No. 1 Shelving & Dressing 

No. 2 Dressing 

No. 1 & 2 Shelving 

No. 1, 2 & 3 Bam 

No. 1 Box * • 

Bevel Siding 

Moldings 

Lattice 

Pickets 

Southern Cypress Manufacturers^ Associaiian 

1917 Rules for Cypress 

Product Grade 

Tank Stock One Grade 

Finishing A, B, C 

Factory Lumber Factory Selects 

Shop 
Boards Select Common 

Heart Select Common 

No. 1 & 2 Common 

Box, Peck 

Siding, Flooring, Ceiling A, B, C & D 

Shiplap, Casing, Base A, B, C & D 

Grooved Roofing, Partition A, B, C & D 

Switch Ties One Grade 

Cross Ties Standard No. 1 Peck 

Short Lumber B & Better 

Window and Door Frames, Jambs, Etc .... B & Better 

Panel Stock B & Better 

Pickets No. 1 & 2 

Battens and Squares One Grade 

Car Roofing and Siding C & Better 

Car Lining One Grade 

National Hardwood Lumber Association 

1917 Rules for Cypress 

Product Grade 

Tank One Grade 

Finishing Firsts & Seconds 

Selects 
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Table 22. — Grades Adopted for Softwood Lumber Products bt 
PRiNdtPAL Lumber Associations — [Continued) 

Prodtict Grade 

FfWJtory Lumber No. 1 & 2 Shop 

Boards No. 1 A 2 Commons 

No. 1 ft 2 Boxing 

Peck 

Finished Cypress A, B, C, & D Finish 

Panel B & Better 

Siding and Flooring A, B, C ft D 

Ceiling and Partition A, B, C ft D 

Car Roofing and Siding C ft Better 

Car Lining One Grade 

Battens and Squares One Grade 

Pickets and Lath No. 1 ft 2 

West Coast Lumbermen's Aesodaiion 

1917 Rail Rules for Douglas Fir,i Sitka Spruce, Western Red 

Cedar, and Western Hemlock 

Product Grade 

Flooring No. 1, 2, 3, 4 Clear Edge 

No. 2 ft Better, 3, 4 Clear Flat 
Grain 
Ceiling, Partition, Drop Siding, and Rustic. No. 2 Clear ft Better 

No. 3 ft No. 4 Clear 

Bungalow or Colonial Siding No. 2 Clear ft Better Resawn 

Bevel Siding No. 2 Clear ft Better 

No. 3 Clear 
Finish, Casing, and Base Selected Flat Grain 

No. 2 Clear ft Better 

No. 3 Clear 
Boards and Shiplap Inch Select Common 

No. 1, 2, 3 Common 
Dimension, Plank, and Small Timbers Selected Common 

No. 1 ft 2 Common 
Timbers Selected Common 

No. 1 ft 2 Common 
Factory Lumber Factory Select ft Better 

No. 1, 2 Shop Common 

Lich Shop Common 

Panel Lumber 
Stepping No. 2 Clear ft Better 

No. 3 Clear 

Tank Stock One Grade. 

Windmill Stock Selected Common 

^ Products and grades are given for Douglas fir only. Those for the other 
species listed differ. 
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Table 22. — Grades Adopted for Softwood Lumber Products bt 
Principal Lumber Associations — {CovUinued) 

Product Grade 

Silo Stock No. 2 Clear & Better 

Selected Common 

Well Tubing No. 3 Clear & Better 

Com Cribbing No. 3 Clear & Better 

Selected Common 

Pickets One Grade 

Battens One Grade 

Mining Timber No. 1 

Well Curbing Selected Common 

No. 1 Common 

Wagon Bottoms No. 2 Clear & Better 

Lath , One Grade 

Turned Porch Columns No. 1 

Ship Decking One Grade 

Turning Squares No. 2 Clear & Better 

Pipe Staves ^ . . . One Grade 

Pacific Lumber Inspection Bureau 

1917 Domestic Rules for Douglas Fir,^ 'Western Hemlock, Sitka 
Spruce, Western Red Cedar, and Port Orford Cedar 

Product Grade 

Rough Clears No. 2 Clear & Better 

No. 3 Clear 
Finish, Casing & Base Selected Flat Grain 

No. 2 Clear & Better 

No. 3 Clear 
Boards and Shiplap Inch Selected Common 

No. 1, 2 & 3 Common 
Dimension, Plank, and Small Timbers Selected Common 

No. 1, 2, 3 Common 

Timbers Selected Common 

. No. 1 & 2 Common 
Factory Lumber Factory Select & Better 

No. 1 & 2 Shop Common 

Inch Shop Common 

Panel Lumber 
Flooring No. 1, 2, 3, 4 Clear Edge Grain 

No. 2 Clear & Better, 3, 4 Clear 
Flat Grain 
Stepping No. 2 Clear & Better 

No. 3 Clear 

^ Products and grades are given for Douglas fir only. Those for the other 
species listed differ. 



No. 2 Clear & Better 
No. 3, 4 Clear 
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Table 22. — Grades Adopted for Softwood Lumber Products bt 
Principal Lumber Associations — (Continued) 

Product Orade 

Rustic 
Drop Siding 
Ceiling and Partition 

Bungalow or Colonial Siding No. 2 Clear & Better Resawn 

Tank Stock One Grade 

Cross Arm Stock One Grade 

Silo Stock No. 2 Clear & Better 

Selected Common 

Pipe Stave Stock One Grade 

Ship Plank One Grade 

Ship Decking One Grade 

Mining Timber One Grade 

Railroad Ties No. 1 & 2 

Car Stakes One Grade 

Pickets No. 1 & 2 

Lath One Grade 



Pacific Lumber Inspection Bureau 

1917 Export Rules for Douglas Fir,^ Western Hemlock, 

and Sitka Spruce 

Product Grade 

Rough Clears No. 2 Clear & Better 

Boards, Dimension, and Timbers Merchantable 

Common 
Flooring No. 1, 2, 3 Clear Edge Grain 

No. 2 Clear & Better & 3 Clear 
Flat Grain 

Ceiling and Rustic Siding No. 2 Clear & Better 

Stepping No. 2 Clear & Better 

Mining Timber One Grade 

Railroad Ties One Grade 

Ship Plank One Grade 

Deck Plank One Grade 

Pipe Stock One Grade 

Pickets ' One Grade 

Staves No. 1 & 2 

Lath One Grade 

^ Products and grades are given for Douglas fir only. Those for the other 
species listed differ. 
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Tablb 22. — Grades Adopted for Softwood Lumber Products bt 
Principal Lumber Associations — (Conlintied) 

Western Pine Manufacturers* Association 

1917 Rules for Western White Pine,^ Idaho White Pine,* Engelmann 
Spruce, White Fir, Western Red Cedar, Douglas Fir, and Larch 

Product Grade 

Finishing B Select & Better 

C & D Select 
Siding B & Better 

C, D&E 

Common Lumber No. 1, 2, 3, 4 & 5 Common Board 

and Strips 
Lath No. 1 Pine Lath 

No. 1 Mixed Lath 

No. 2 Lath 

Tank Stock One Grade 

Factory Lumber No. 1, 2 & 3 Shop Common 

Factory C Select & Better 

Inch Shop Common 

Short Box 

Dimension and Timbers No. 1 

Cribbing One Grade 

Shiplap 
Drop Siding 
Beveled Siding 
Ceiling 

Grooved Roofing 
Flooring 

Calif omia White & Sugar Pine Manufacturers* Association 

1916 Rules for Sugar Pine and California White Pine 

(Western Yellow Pine) 

Product Grade 

Finishing No. 1 & 2 Clear (or B Select & 

Better) 

C Select 

D Select 
Siding, Bevel B & Better 

C& D 
Flooring and Ceiling, Drop Siding B & Better 

C& D 

No. 1, 2 & 3 Fencing 

* Pinus ponderosaj U. S. Forest Service name — Western Yellow Pine. 

* Pinus moniicola, U. S. Forest Service name — Western White Pine. 
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Tabus 22. — Grades Adopted for Softwood Lumber Products by 
Principal Lumber Associations — {CarUmued) 

Product Grade 

Factory Plank No. 3 Clear (or Factory C Select 

or No. 1 Cuts) 
No. 1, 2 & 3 Shop 
Inch No. 3 Clear 
Inch Shop 

Thick Common Select Common 

Boards and Fencing No. 1, 2, 3 & 4 Common 

Shiplap, Grooved Roofing, Drop Siding and 

D & M No. 1, 2 & 3 Common 

Lath No. 1 & 2 

Ccdifomia Redwood Associaiion 

1917 Rules for Redwood 
Product Grade 

Uppers Clear 

Sap Clear 

Select 

Standard 

Sundry Commons Extra Merchantable 

Merchantable 

Construction 

Shop Common 

Inch Shop Common 

Subflooring and Sheathing Stock 

Channel Rustic 

V Rustic 

Drop Siding 

Bevel Siding 

Battens 

Shiplap 

Pickets 

Northern Hemlock & Hardwood Manufacturers^ Association 

1913 Rules for Hemlock 

Product Grade 

Boards and Strips Thick D & Better 

Inch Clear & Select 

Inch D Stock 

No. 1, 2, 3, 4 Common 

Piece Stuff or Dimension No. 1, 2, 3, 4 Dimension 

Lath No. 1 & 2 

Flooring 

Ceiling 

Shiplap 

Drop Siding 
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The various miUs originally made their own rules to suit their 
special conditions. This might have been satisfactory where a 
mill supplied practically all the lumber used in its vicinity; 
but as soon as mills with different rules for the same timber began 
to sell in the same territory there was bound to be confusion and 
dissatisfaction. As means of transportation grew easier and 
cheaper and lumber was shipped greater distances from its source, 
organizations of manufacturers and dealers in different regions 
drew up rules to enable them to handle lumber in standard siz^s 
and with less misunderstanding as to quality. By the use of such 
rules, manufacturers could tell more satisfactorily, the quaUty 
of lumber wanted by dealers, and the dealers in turn could be 
surer that their orders would be correctly filled. These rules 
first classified the various kinds of lumber products, such as 
siding, boards, ceiUng, flooring, finishing, dimension, etc., and 
then specified the size and number of defects, such as knots and 
checks, allowed in the various grades of each product. At 
first the rules were comparatively simple; but they have been 
expanded and new ones added to cover special products and the 
rules for each product further subdivided until pamphlets of 50 
printed pages may be required to describe the different grades, 
sizes, and shapes of the various standard lumber products of one 
kind of wood. 

The most common defects specified in softwood grading rules 
are knots, stained sap, shake, wane, rot, pitch, spUts, and season- 
ing checks. Inspection is usually specified on the better or 
dressed side. However, factory liunber used for the manufacture 
of doors, sash, etc., which must show on both sides, is graded from 
the poorer side. There is a tendency to avoid definite detailed 
specifications for the different grades, especially in certain of the 
white pine grading rules, in which only a general description of 
each grade and numerous examples of pieces that should be ad- 
mitted are givpn. In such cases, the grade of each piece may be 
left largely to the judgment of the inspector. 

Standard lengths and widths of softwoods differ somewhat 
under the various rules and also under different classes of material 
and grades in the same rules. In some sets of rules standard 
sizes are not Usted completely. 

The various lumber products to which grades are given by the 
different lumber associations generally include finish, flooring, 
siding, ceiling, boards, timbers, fencing, etc. The methods used 
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by various Associations for describing the grades differ widely. 
In some rules the letters A, B, C, and D are used to designate 
grades of material for finish, ceiling, flooring, etc., and the num- 
bers 1, 2, 3, and 4, usually with the term "common," are used 
for grades of common lumber, boards, dimension, etc. Other 
rules designate their highest grades of finish as 1, 2, and 21 Clear, 
either with or without lower grades of finish material designated 
A, B, C, and D. 

« 

Description of Typical Rules for Softwoods 

Following is a description of the grading rules of a few of the 
most important species. 

SOUTHERN YELLOW PINE 

Southern yellow pine includes longleaf, shortleaf, loblolly, 
and associated species of minor importance, such as slash and 
pond pine. The grading rules in common use are as follows: 

1. Interstate Rules of 1905 and 1916, used principally in the 
southeastern United States and in Atlantic Coast markets. 

2. Southern Pine Association Rules, used largely by Gulf 
State manufacturers for inland trade. 

3. North Carolina Pine Association rules, used on the Atlantic 
Coast. 

4. Gulf Coast Classification, used in export trade. 
Interstate Rules. — The Interstate rules of 1905 and 1916, 

which are used by the Georgia-Florida Sawmill Association for 
dimension and timbers, by the North CaroUna Pine Association, 
and by lumber trade associations of the Atlantic Coast, are char- 
acterized principally by their simplicity. They are divided into 
three parts: General Rules, Classification, and Inspection. 
Seven classes of lumber are given: flooring, boards, plank, scant- 
Img, dimension, stepping, and rough edge or flitch; and the 
sizes are specified under each class. Under Inspection three 
grades are given: standard, merchantable, and prime. Prime 
is the highest grade. These grades are based on the number and 
position of defects and the amount of heart. The 1916 rules dif- 
fer from the 1905 rules in that they contain a density requirement. 
Southern Pine Association Rules. — The Southern Pine Asso-, 
ciation rules for grades of yellow pine lumber are a revision of the 
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old Yellow Pine Manufacturers' Association rules. Separate 
rules are issued for (1) lumber and dimension, (2) timbers, (3) 
car material, and (4) bridge and trestle timbers. A large nimiber 
of different classes of products are given, such as finishing, floor- 
ing, ceiling, common boards, dimension, etc. The grades are 
defined under each of these classes. The letters A and B are 
used to designate the higher grades for finish and planing-mill 
products, and the Nos. 1, 2, and 3, with the term "common," 
are used for lower grades of planing-mill products, common 
boards, and dimension. I%ure 103 shows boards of three grades. 
The requirements of each grade are not the same in the different 
classes of products; they vary with the sizes and requirements 



Flo. 103. — Bouda of three srades — Soutliem Pina AsaociatioD. 

of each class. In general, the material is graded from the face 
or better side. 

Grade A is practically free from defects on one side except in 
the greater widths. Grade B allows a few minor defects, such 
as splits, small knot«, and pitch pockets. The Common grades 
allow larger defects and a greater number of them than A and B. 
No. 1 Common in general allows sound knots not over a certain 
diameter or smaller defects which do not impair its use; No. 2 
Common allows knots not necessarily sound, not more than a 
certain specified diameter, and other defects if not too large; 
No. 3 Common allows coarse knots, knot holes, and other defects, 
if they are not so injurious as to prevent the use of the lumber; 
No. 4 Common is "defective lumber." 



190 TIMBER 

The Georgia-Florida Sawmill Association has reprinted the 
Southern Pine Association rules for lumber and planing-mill 
products in its rule book and now uses them for these items in 
place of the Interstate rules. 

The Southern Pine Association rules for timbers include the 
"density" rule prepared for structural material by the Forest 
Service. This rule requires a proportion of one-third summer- 
wood (the hard, dark colored parts of the annual ring) in the cross 
section and disregards botanical distinction. The grades given 
are No. 1 Common, Square Edge and Sound, Merchantable, 
and Select Structural Material, which is the highest grade. The 
first three of these grades may or may not include the density 
rule, the term "dense" being used to specify material conform- 
i|ig to the density rule and "sound" to include material without 
the density rule requirement. No. 1 Common Timbers are not 
ijequired to conform to the General Timber Specifications, which 
exclude injurious shakes and unsound knots; but there are re- 
sitrictions on the amount of wane and size of knots for different 
sizes of material. Square Edge and Sound Timbers must be 
free from wane. Merchantable Timber must have approxi- 
mately two-thirds heart on the wide faces. The "Select Struc- 
tiural" grade conforms to the Density Rule and also has restric- 
tions, recommended by the Forest Service, as to knots, shakes, 
dhecks, and cross grain. Wane is not permitted in this grade. 
There must be at least 85 per cent, heart measured around the 
girth anywhere in the length. 

North Carolina Pine Association Rules. — The grading rules 
for kiln-dried North Carolina pine adopted by the North Carolina 
Pine Association apply to lumber from 1 to 2 inches in thickness. 
The principal grades are Nos. 1, 2, 3, and 4 (or Box). No. 1 
must be practically clear of defects up to 8 inches in width, ex- 
cept a limited amount of pitch streak; No. 2 grade allows a 
limited number of small sound knots and other small defects; 
No. 3 allows larger tight knots; and No. 4, or Box, contains large, 
reasonably sound knots and other smaller defects. There are 
also several minor grades which are largely cull and from which 
merchantable lumber can be cut with a specified maximum per 
cent, of waste. 

The grading rules for air-dried North CaroUna pine are the 
same as for kiln dried except that 25, per cent, sap stain is allowed 
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for No. 2, 50 per cent, for No. 3, 76 per cent, for No. 4, and 100 
per cent, for Culls. 

The Shortleaf Pine Plank and Dimension Rules consist of a 
set of brief general rules defining a single grade for each of these 
classes of material. They are the official rules of the North 
Carolina Pine Association and a niunber of lumber trade associa- 
tions on the Atlantic Coast. 

Gulf Coast Classification. — The Gulf Coast Classification of 
resawn lumber and sawn timber was first issued by the old Gulf 
Coast Lumber Exporters' Association and adopted in 1915 by 
the Southern Pine Association for export trade. Under *' Resawn 
Lumber" the different kinds of lumber are classified as flooring, 
boards and planks, deals, scantling, dimension, kiln-dried saps, 
and air-dried saps. Under each class the sizes are given and the 
grades, which are for the most part as follows: Special or Crown, 
Extra or French Prime, Prime, Standard or Genoa Prime, Mer- 
chantable, and Square Edge. The grades differ as to amount of 
heart and defects specified, and the same grade differs to a greater 
or less degree in its requirements in the different classes of ma- 
tierial. Two other brief sets of rules are given, "Usual South 
American or Standard River Plate" and "West Indian." Under 
"Sawn Timber" are brief rules adajpted for use with this class 
of material. All these rules have high heart specifications in 
comparison to rules used in domestic trade. 

WHITE PINE— EASTERN OR NORTHERN 

Eastern or northern white pine {Pinus strdbus) is sold under 
two sets of rules. The White Pine Bureau, St. Paul, Minnesota, 
composed of manufacturers of northern and western white pine, 
issued in 1917 a book^ containing the rules of the Northern Pine 
Manufacturers' Association and the White Pine Association 
of the Tonawandas, with several photographs of each grade and 
recommendations as to the use of each grade in house construction. 

Tpnawanda Rules. — ^The Tonawanda rules were drawn up by 
the White Pine Association of the Tonawandas and are used in 
the Tonawanda wholesale district (Buffalo, Tonawanda, and 
North Tonawanda, N. Y.) and other eastern markets, principally 
on material brought by boat from the Georgian Bay District 

* This book contained also the rules of the Western Pine Manufacturers 
Association. 



192 TIMBER 

and northern Minnesota. The rules contain grades as follows: 
Upper, Selects, Fine Common, Nos. 1, 2, and 3 Cuts, Nos. 1 
and 2 Mouldings, Stained Saps, Star or Shaky Clear, No. 1 
Shelving and Dressing, No. 2 Dressing, Nos. 1 and 2 Shelving, 
Nos. 1, 2, and 3 Bam, and No. 1 Box. The large niunber of 
grades allows considerable refinement in grading and provides 
grades especially suited for certain purposes. Common defects 
specified are knots, sap, sap stain, and shake. Particular uses 
for which each grade is suitable are given under each grade. 
Norfhem Pine Manufacturers' Association Rules. — The North- 
em Pine Manufacturers' Association rules are used, by manu- 
facturers throughout the Lake States. Under these rules several 
different classes of lumber are given, such as finishing, siding, 
flooring, fencing, common lumber, etc., and under each class 
several grades are given. In these rules, the better grades suit- 
able for finish are designated as 1, 2, 3 Clear and A, B, C Select, 
etc.; while the grades more suitable for other purposes are in- 
dicated as Nos. 1, 2, and 3 Common, etc. The grades 1, 2, and 
3 Clear and A and B Select are frequently not sorted but simply 
sold together as B Select and Better. These rules differ consid- 
erably from the Tonawanda rules, so that a detailed comparison 
is difficult. Examples are given in the rules under each grade, 
to illustrate different combinations of defects admissible. These 
rules apply also to Norway pine, spmce, and tamarack cut in 
the Lake States. 

DOUGLAS FIR 

Douglas fir is commonly graded under three sets of rules, one 
for rail shipments, one for domestic cargo shipments, and one for 
export. The rules are issued by the West Coast Lumbermen's 
Association and the Pacific Lumber Inspection Bureau.* These 
are separate organizations which cooperate closely. The Pacific 
Lumber Inspection Bureau is in effect the inspection department 
of the West Coast Lumbermen's Association. 

West Coast Lumbermen's Association Rules ("Rail A")« — 
In the "Rail A" rules, there is a division into a large number 
of classes of lumber, such as flooring, ceiling, finish, common, 
dimension, timbers, etc., and a niunber of grades are given under 
each class. The principal grades are Nos. 1, 2, 3, and 4 Clear, 

^ A small amount of Douglas fir is also graded by the rules of the Western 
Pine Manufacturers' Association (see Western Yellow Pine). 
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Select Common, and Nos. 1, 2, and 3 Common. The grade No. 
1 Clear, however, is given only in vertical grain flooring and is 
t)ractically free from all defects. No. 2 Clear admits a few small 
defects, which vary with the class of material. The "Clear" 
grades are finish material; while the '^Common" grades are in- 
tended for other purposes, such as common boards and timbers. 
Defects allowable in ''Common" grades are naturally more 
serious than those in the ''Clear" grades. Grades of the same 
name under the different classes of material are somewhat similar 
as to defects allowed. There are often wide differences, however, 
both as to sizes and defects allowable due to a certain grade of 
lumber being adapted to particular use. 

Pacific Lumber Inspection Bureau Rules. — ^Two sets of rules, 
Export and Domestic, are issued for the use of cargo shippers. 
The two sets differ both as to classes of material and grades. 
There are a few grades, however, such as ship plank and flooring, 
which are practically the same in both sets of rules. 

Export Rules. — Several classes of lumber are given under the 
Export Rules, such as clears, ship plank, deck plank, flooring, 
ceiling, siding, etc. Some of these classes have several grades 
and some but one. Boards are graded as No. 2 Clear and Better 
(Edge and Flat Grain), Merchantable, and Common. Flooring 
grades are Nos. 1, 2, and 3 Clear Edge Grain, No. 2 Clear and 
Better, Flat Grain and No. 3 Clear Flat Grain. Stave grades 
are Nos. 1 and 2. Other products are manufactured in one 
grade only. 

Domestic Rules. — In the domestic rules, a classification is made 
into rough clears, commons, factory lumber, flooring, ceiling, 
siding, etc., and under each class several grades are given, as 
Nos. 1, 2, 3, and 4 Clear, No. 2 Clear and Better, Nos. 3 and 4 
Clear, Selected Common, and Nos. 1, 2, and 3 Common. These 
grades usually differ considerably under each of the different 
classes. No. 2 Clear and Better in general allows a small number 
of small tight knots and pitch pockets; No. 3 Clear allows a large 
number of larger knots and pitch pockets. In the "Common" 
grades larger knots, pitch pockets, colored sap, and other defects 
allowable in construction material are admitted. Specifications 
are given for a considerable number of products, such as tanks, 
cross-arms, silo and pipe stock, ship planks and decking, mining 
timber, and railroad ties. 
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WESTERN WHITE PINE AND WESTERN YELLOW PINE 
Pinus monticola and Pinus .ponderosa 

Western (Idaho) white pine and western yellow pine (called 
western white pine in the manufacturers' rules), larch, and 
Douglas fir cut in the Inland Empire (western Montana, Idaho, 
and eastern Washington and Oregon) are graded under the rules 
of the Western Pine Manufacturers' Association. They are nearly 
the same as the Northern Pine Manufacturers' Association 
rules for northern white pine; the higher grades of the Northern 
Pine Manufacturers' rules are omitted, however, and slight 
changes have been made in specifying defects, so as to adapt 
the rules to the western species. 

The grades designated as "Clear" and "A Select," in the 
Northern Pine rules, are omitted in these rules, so that "B 
Select and Better" is the highest grade of material. It admits 
small sound knots, slight stain, and slight traces of pitch or small 
season checks. Several examples are given in the rules under 
each grade for illustration. 

Western yellow pine throughout the southern Rockies, the 
middle Rockies, and the Black Hills is also graded under the rules 
of the Western Pine Manufacturers' Association. Western 
yellow pine cut in California and sold as California white pine 
is graded under the rules of the California White and Sugar Pine 
Association.* 

SUGAR PINE 

Sugar pine in California is graded under the rules of the Cali- 
fornia White and Sugar Pine Association. The rules are pat- 
terned after those of the Northern Pine Manufacturers' Asso- 
ciation. The highest grade, Nos. 1 and 2 Clear, is as nearly 
equivalent to the northern white pine B Select and Better 
as the timber characteristics of the two regions permit. No. 3 
Clear is a cutting-up grade. Other grades are similar to the 
northern pine grades. California white pine (western yellow 
pine) is also graded under the California rules. Sugar pine and 
CaUfornia white pine are separated in the Clear and Select 
grades but not in the Common grades which also include white and 
red fir. The common grades are used largely by California box 
manufacturers. 

* See Sugar Pine. 
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HEMLOCK 

Western Hemlock. — In the Pacific Northwest western hemlock 
is graded under the "Rail A" rules of the West Coast Lumber- 
men's Association and the Domestic and Export rules of the 
Pacific Lumber Inspection Bureau. In each rule the grades are 
practically the same as the Douglas fir grades; but hemlock 
products are limited to flooring, ceiUng, partition, siding, 
finish; boards, shiplap, and dimension. With the exception of 
timbers, western hemlock is made into the same forms of ordinary- 
building lumber and planing-mill products as Douglas fir. In 
fact, in the grade of No. 3 Common for Douglas fir boards, dimen- 
sion, plank, and small timbers, part or all hemlock is allowed. 
Douglas fir mining timber may be 15 per cent, hemlock. In 
No. 3 Clear flat flooring and No. 2 Clear and Better ceiling, 
partition, and siding, 15 per cent, may be hemlock. In No. 
4 Clear flooring and Nos. 3 and 4 Clear ceiling, partition, and 
siding, hemlock in any quantity is permitted. 

Eastern Hemlock. — In the Lakes States, eastern hemlock is 
graded under the Northern Hemlock and Hardwood Manufac- 
turers' Association rules and the Michigan Hardwood Manufac- 
turers' Association rules. Both sets of rules are modeled after 
the white pine rules used in the Lake States. The two rules differ 
somewhat but the common grades are similar.* Finish has one 
or two grades. Boards and Strips are graded as Nos. 1, 2, 3, and 
4 Common; and Piece Stuff or Dimension, as Nos. 1, 2, and 3. 
One rule has a No. 5 Board, the other a No. 4 Dimension. The 
other products made are flooring, ceiling, shiplap, and drop sid- 
ing, but no grades are Usted. 

Hemlock in New England, New York, and Pennsylvania 
is graded largely by local rules, although Lake States grades are 
sometimes used in New York. In the local rules the grade 
"Merchantable" is frequently used and sometimes the grade 
"MiU Run Mill CulWOut." In West Virginia andNorthCaro- 
lina the Spruce Manufacturers' Association rules^ are followed to 
some extent. 

CYPRESS 

Grading rules for cypress are issued by the Southern Cypress 
Manufacturers' Association and the National Hardwood Lumber 
Association. 

^ See Eastern Spruce. 
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The present rules of the Southern Cypress Manufacturers' 
Association were designed especially for selling to retailers. 
The finish grades are A, B, and C, A having a perfect heart face. 
The grades for boards are Select Common, Heart Select Common, 
Nos. 1 and 2 Common, Box, and Peck. Flooring, siding, parti- 
tion, and ceiling grades are A, B, C, and D. One grade each is 
provided for tank stock, switch ties, cross ties, panel stock, shorts, 
battens, squares, car roofing, car siding, and car lining. The 
factory grades are Factory Selects and Shop. 

The National Hardwood Lumber Association rules for cypress 
are intended to serve both the retail and factory trade. The 
grades partake of the nature of both hardwood and softwood 
rules. The grades for rough lumber are Firsts and Seconds, 
Selects, No3. 1 and 2 Shop, Nos. 1 and 2 Common, Nos. 1 and 2 
Boxing, and Peck. Dressed finish is graded A, B, C, and D 
Finish. Siding, flooring, ceiling, and partition grades are A, B, 
C, and D. In addition there is one grade each for tank stock, 
car roofing, car siding, car lining, battens, and turning squares. 

REDWOOD 

Redwood is graded by the rules of the California RedwoQd 
Association. The grades are divided into two classifications, 
Uppers and Sundry Common. Uppers are the finishing grades, 
and include Clear, Sap Clear, Select, and Standard. The Sundry 
Common grades are Extra Merchantable, Merchantable, Con- 
struction, Shop Common, Inch Shop Common, Subflooring, 
and Sheathing Stock. Merchantable is not a distinct' grade. 
It is made up of 60 per cent. "Extra Merchantable'' and the 
balance '* Construction." The Shop Common grades are for 
factory use. 

These rules are used mostly for western trade, and a somewhat 

different set of rules is used for eastern trade. However, the 

eastern rules are not published by the Association but can be 

found only in price lists and are therefore diflScult to refer to. 

* The eastern grades are as follows: 

Product] Grade 

Finish Clear, A and B 

Ceiling Clear, A and B 

Drop siding Clear, A and B 

Rustic Clear, A and B 
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Proditct Grade 

Porch flooring Clear, A and B 

Car siding Clear, A and B 

Car roofing Clear, A and B 
Siding (bevel, colonial, bungalow) Clear, A and B 

Clapboards Clear and Clear Sap 

Pattern stock Vertical Graii^, Clear, and B 

Factory lumber Shop 

Squares Clear and A 

Tank stock Clear and Select 

Silo stock Clear and Select 

Pipe staves Clear and Select 

Boards and dimension Merchantable and Extra Merchant- 
able 

The Bigtree or Sequoia, of the same family as redwood, is 
sometimes cut for lumber, and this is often graded by the Red- 
wood rules. 

EASTERN SPRUCE 

Eastern spruce is graded in the Lake States under the rules of 
the Northern Pine Manufacturers' Association. 

In the New England States there is no published set of rules 
in use, but custom has brought about a general understanding 
of what is "Merchantable" and "Box." Sometimes spruce 
box lumber in New England is sold round edge mixed with round 
edge white pine. 

In the Adirondacks no published rules are available, but here 
again custom has made the following grades, which are currently 
quoted in New York City: No. 1 and Clear, No. 2, No. 3, Mill 
Run Mill Culls Out, and Mill Culls. 

In West Virginia and North Carolina the rules largely used 
are those of the Spruce Manufacturers' Association, which pro- 
vide for Firsts and Seconds (Clears), Selects, Dressing (Select 
Merchantable), Merchantable, Box, and Mill Culls. 

SITKA SPRUCE 

Sitka spruce is graded under the " Rail A" rules of the West 
Coast Lumber Manufacturers' Association and the Domestic 
and Export rules of the Pacific Lumber Inspection Bureau. 
The ''Rail A" and Domestic rules have the following identical 
grades for spruce: B and Better finish. Factory Select and Better, 
Nos. 1 and 2 Shop Common, Inch Shop Common, and Nos. 
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If 2, and 3 Box. As these grades indicate, Sitka spruce is used 
largely by door and box manufacturers. In addition, the "Rail 
A" list provides for B and Better flooring, ceiling, partition, 
stepping, car siding and car roofing. A, B, and C bevel siding, 
Select and No. 1 Common, boards, dimension, planks, small 
timbers, and one grade each for squares, molding stock, panel 
stock, ladder stock, piano posts and sounding boards, and air- 
plane stock. The Export list provides No. 2 Clear and Better, 
No. 3 Clear and Better Shelving, Merchantable lumber and timber, 
and Merchantable Box. 

ENGELlfANN SPRUCE 

Engelmann spruce is graded under the rules of the Western 
Pine Manufacturers' Association. 

TAMARACK AND LARCH 

Throughout the Lake States tamarack is graded under the 
rules of the Northern Pine Manufacturers' Association. 

In the Inland Empire (Idaho, Montana, and eastern Wash- 
ington and Oregon) the rules of the Western Pine Manufacturers' 
Association are used for larch. 

SOUTHERN RED CEDAR 

(Juniperus virginiana) 

Red cedar lumber is usually sold log run, as there are no de- - 
finite rules established. 

WESTERN RED CEDAR 

Western red cedar is graded under the rules of the West 
Coast Lumber Manufacturers' Association and the Pacific 
Lumber Inspection Bureau Domestic Rules. The rules covering 
western red cedar in these two sets of rules are nearly the same. 
The Bevel Siding grades are Clear A and B. Finish and boards 
are graded as No. 2 Clear and Better and Nos. 1 and 2 Common. 
One grade each is provided for bungalow or colonial siding, porch 
decking, flooring, porch columns, and newels. . In the Inland 
Empire a few grades of the Western Pine Manufacturers' Asso- 
ciation are used to a very small extent* 
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SOUTHERN WHITE CEDAR 

No standard rule is in general use for southern white cedar. 
Planking for boats is usually bought under the term ''Boat 
Boards." This is sound lumber in which knots are allowed, pro- 
vided they are tight. The Navy Department has prepared 
very satisfactory rules for southern white cedar boat boards. 

PORT ORFORD CEDAR 

The Domestic rules of the Pacific Lumber Inspection Bureau 
provide the following grades for Port Orford cedar: Nos. 1 and 2 
Clear (B and Better), Selects, No. 3 Clear, Nos. 1 and 2 Shop, 
Common and No. 3 Boards, and Dimension. The products 
graded are boat boards, flooring, ceiling, siding, casing, base, 
partition, panel stock, shiplap, grooved roofing, and cribbing. 
The finishing and shop grades are similar to those for sugar pine, 
California white pine, and Sitka spruce, with which Port Orford 
cedar competes. 

LODGEPOLE PINE 

In the Inland Empire the rules of the Western Pine Manu- 
facturers' Association are used for lodgepole pine. Very little 
of this species is graded, however, the great bulk of it being used 
for mine timbers and local consumption, for which there are no 
grading rules in general use. In the Rocky Mountain regions it 
is cut almost entirely by small mills, and no association rules are 
in general use for such material. 

WHITE FIR 

White fir, including several firs of minor importance, is sold 
in California under the common grades of the CaUfornia White 
and Sugar Pine Manufacturers' Association; in the Inland Em- 
t)ire it is sold under the common grades of the Western Pine 
Manufacturers' Association; and in Washington and Oregon 
it is admitted in the Douglas fir grade of No. 3 Common Boards. 
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LUMBER PRODUCED AND USED IN THE UNITED STATES 
LUMBER PRODUCED BT HILIS 
f The annual lumber production 

of the United States is approxi- 
mately 40 billion feet. The cut 
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53silleMi^**°52S| reported for each of a number of 

l5fl^o,5»^wial*^!«Us, i years since 1899 and the number 

J-' JjIS'-JaS^JasEsa*' 8 "' active mills reporting are shown 

.§ in Table 23. The total cut for 

^ the whole United States is given 

I I first, followed by the cut for each 

" State, in the order of the quantity 

a ° cut in 1915.> The high point was 

; -§ reached in IdOd. There has been 

^ little variation in the total cut in 

the last few years. 

Figure 104 gives the relative 
rank of the States leading in the 
production of lumber since 1850.* 
The rise and fall of the various 
States as lumber producers follows 
the shifting center of the lumber 
industry as forests are cut out 
and new areas are opened up. 
New York, Pennsylvania, Michi- 
gan, and Wisconsin all have held 
first place as lumber producers. 
Washington and Louisiana have 
„ ranked first and second respec- 
(2 tively for the last t«n years, ex- 
cept in 1914, when the order 
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' See BvUetin No. 506, Department 
of Agriculture, "Production of Lumber, 
Lath, and Shinglea in 1915," by J. C. 
NelliB. 

* Data are not available to make the 
digram complete. 
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was reversed. The large proportion of the total 1915 cut pro- 
duced in Washington and Louisiana is strikingly shown in Fig. 
105, which gives graphically the 1915 cut by States. 

The quantity of each kind of lumber cut annually for a number 
of years since 1899 is given in Table 24. Yellow pine, which 
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TlQ. 105. — Computed total lumber production in 1915, by States. 



includes the longleaf , shortleaf , and lobloUy pines of the southern 
States, makes up about one-third of the annual lumber cut. Five 
species, yellow pine, Douglas fir, oak, white pine, and hemlock, 
have been the leaders in quantity production for the last twenty 
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LUMBER PRODUCED IN THE UNITED STATES .206 

years, and have furnished about three quarters of the total annual 
cut. Figure 106 shows the relative rank of the various species 
in the production of lumber for a number of years. The lumber 
production in 1915 by species is shown diagrammatically in Fig. 
107.^ 

Table 25. — Reported Production op Lubiber 1909, 1912, 1913, 1914, 
AND 19l5 Computed Totals, by Classes op Mills 



« 


Year 


Mills 


Quantity reported 


Class 














Number 
reporting 


Per 
cent. 


M ft. b. m. 


Per 

cent. 


Class 5: 10,000 M and over per year 


1909 


888 


2.11 


19,126,223 


43.09 




1912 


92Q 


3.19 


21.259.274 


54.29 




1913 


974 


4.50 


23,211,667 


60.47 




1914 


867 


3.15 


20.934,446 


56.06 




» 1915 


846 


2.82 


20,669,746 


55.84 


Class 4: 5,Q00 M ta 9,999 M per year. . . 


1909 


783 


1.86 


5,291,606 


11.92 




1912 


608 


2.10 


4,311,063 


11.01 




1913 


740 


3.41 


4,303,122 


11.21 




1914 


547 


1.99 


3.910.370 


10.47 




1 1915 


453 


1.51 


3,224,448 


8.71 


Class 3: 1,000 M to 4,999 M per year. . . 


1909 


5,443 


12.95 


10,068,592 


22.69 




1912 


3,747 


12.92 


7,009.608 


17.90 




1913 


3.265 


15.07 


6,319.753 


16.46 




1914 


3,291 


11.97 


6,078,730 


16.28 




1 1915 


3,191 


10.65 


6,201,864 


16.76 


Class 2: 500 M to 999 M per year 


1909 


6,468 


15.39 


4,315,636 


9.72 




1912 


4,420 


15.24 


2.951,068 


7.54 




1913 


3.148 


14.53 


2.049,642 


5.34 




1914 


4,261 


15.49 


2,780,184 


7.44 




1 19;5 


4,198 


14.02 


2,941,264 


7.95 


Class 1: 50 M to 499 M per year. 


1909 


28,459 


67.69 


5,582,738 


12.58 




1912 


19.304 


66.55 


3,627,401 


9.26 




1913 


13.541 


62.49 


2,502,825 


6.52 




1914 


18.540 


67.40 


3,642,293 


9.75 




1 1915 


21.263 


70.99 


3,974,334 


10.74 


All classes 


> 1909 


42,041 


100.00 


44.384.795 


100.00 


" ••• ^^•••■^■p**."* •■ •••••• •• ••■• ■••••■••• 


1912 


29,005 


100.00 


39,158,414 


Jk ^r \^ • ^^^^ 

100.00 




1913 


21,668 


100.00 


38,387,009 


100.00 




1914 


27,506 


100.00 


37.346,023 


100.00 




1 1915 


29,951 


100.00 


37,011,656 


100.00 



1 The data here shown for 1915 are the computed totals by classes of mills. 
'The total for 1909 differs from that shown in other tables because 4,543 mills, cutting a 
total of 124,966,000 feet, or less than 50 M feet each, are omitted in this table. 

The proportion of the total cut produced by the different sized 
mills is given in Table 25 ^ It will be noted that the largest 
mills, i.e., those cutting 10 billion board feet and over per 
year, produced over half the cut in 1915, although they made up 
less than 3 per cent, of the total number of mills; while the mills 
cutting from 50,000 to 499,000 board feet per year, produced 

^See Department of Agriculture, BvUetin No. 506, "Production of 
Lumber, Lath, and Shingles in 1915," by J. C. Nellis. 



ooly about 10 per cent, of the cut and made up 70 per cent, of 
the total number of mills. 

LUUBER USED IN THE HANUFACTtTKE OF WOODER 
PRODUCTS 
The lumber-working plants, of all classes, consume annually 
some 24^^ billion feet of wood.- This is about 60 per cent, of the 
- annual lumber production. The 

? ^ material b mostly lumber, but 

J, I Is g includes comparatively small 

•H quantities of veneer, bolts, and 
I dimension stock. 
'~. The average annual consurap- 
-| tion of wood by the wood-work- 
3 ing industries in the United States 
"S is shown in Table 26.' The basic 
-S data were secured by a series of 
^ State wood-using industry studies 
I conducted by the Forest Service 
^ in cooperation with State organi- 
o zations. Although the State 
g studies were begun in 1909 and 
% were not completed until 1913, a 
"^ period of twelve months was made 
'% the basis for the statistics for 
^ each State, and the final figures 
-S for the whole country presented 
6 in Table 26 are a very good aver- 
o age of the demand of each industry 
a and of the demand for each kind 
■= of wood under normal conditions. 
^ Lumber usually is remanufac- 
I. tured to a greater or less extent 
g before use, and in Table 26 the 
d product of the sawmill is not con- 
^ sidered. However, planing mills 
operated in connection with saw- 
mills manufacture lai^e quantities 
of Sooring, ceiling, siding, finish, and other patterns which really 
are finished products, and such material accordingly is included. 
' Se« Department of Agriculture, Bulletin No. 605, " Lumber used in the 
manufacture of Wooden Products," by J. C. Nellis. 
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About 40 per cent, of the annual lumber cut is not worked 
by planing mills or factories into finished products. About one- 
fifth of this (in normal times) is exported, and the rest is used in 
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Fio. 107. — Computed total lumber production in 1915, by kinds of wood. 

general building and rough construction. Although all construc- 
tion lumber requires cutting to length to make it fit into place, 
this was not considered in the class of wood-working industries. 
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Table 26. — Average Annual Consumption of Wood 



Industry 



Kind <rf wood 



Total 



Yellow pine 



White pine 



All induttrieB 

PUning-mill produots, saah, doors, blinds, 

and general millwork 

Boxes and crates 

Car oonstmotion 

Furniture 

Vehicles and vehicle parts 

Woodenware, novelties, and dairymen's, 
poulterers'i and apiaristers' supplies. . . 

Agricultural implements 

Chairs and chair stock 

Handles 

Musical instruments 

Tanks and silos 

Ship and boat building 

Fixtures 

Caskets and coffins 

Refrigerators and kitchen cabinets 

Matches and toothpicks , 

Laundry appliances 

Shade and map rollers 

Paving material and conduite 

Trunks and valises 

Machine construction 

Boot and shoe findings 

Picture frames and molding 

Shuttles, spools, and bobbins 

Tobacco boxes 

Sewing machines 

Pumps and wood pipe 

Pulleys^ and conveyors.^ 

Professional and scientific instruments. . . . 
Toys 

Gates and fencing 

Sporting and athletic goods ^ . . . , 

Patterns and flasks 

Bungs and faucets 

Plumbers* woodwork 

Electrical machinery and apparatus 

Mine equipment 

Brushes 

Dowels 

Elevators 

Saddles and harness 

Playground equipment 

Butchers' blocKs and skewers 

Clocks 

Signs and supplies. 

Printing material 

Weighing apparatus 

Whips, canes, and umbrella sticks 

Brooms and carpet sweepers 

Firearms 

Artificial limbs 

Tobacco pipes 

Airplanes 



Pwt b. m. 
24,576,660.664 



13,428,862,066 

4,560,016,430 

1,262,000,371 

044,677.807 

739,144,483 



406,286,436 
321,239,336 
289,790,660 
280.234,671 
260,196,026 

225,619,686 
199,698,228 
187.132.848 
163.394,667 
137.616,266 

86,442,111 
79,602,040 
79,291.676 
76,067,000 
74,667,997 

69,469,430 
66,240,200 
66,477,783 
66,148,190 
64,127,476 

69,946,627 
66,826,938 
36,862,900 
36,070.928 
28,926,662 

27,460.640 
26,191.907 
24.299.403 
21,112.342 
20,313,460 

18,188.910 
16.987.697 
12,878,986 
11.980,600 
10,018,680 

9.218.000 
9.064,812 
8,197.060 
7,894,249 
6,888,366 

6,324,794 
6,021,660 
4,946,880 
2,277,334 
2,093,901 

687,080 

489,616 

74,300 



F«6< b. m. 
8,610.686,624 



6,447,780,806 

1,044,993,123 

678,114,162 

18,926,400 

31,206,478 



18,666,406 

98,463,396 

20,000 

67,000 

2,107,994 

41,291,700 
65,698,662 
11,612,366 
11,970,660 
7,872,931 



1,397,000 

1,160,000 

65,092,000 

16,277,990 

22,461,088 

" 5,498.666 



Peei b. m. 
3,112,698.017 



1,543,345,756 

1,131,969,940 

76,382,166 

9,332,808 

1,675.277 



47.744,797 

8,243,440 

816.068 

26,500 

9,394.820 

17,007,600 
14,256.006 

4,864.160 
33,170.942 

8,613,186 

73.069,611 
3,026,870 

61,450,000 
1,850,000 
7,299,500 

. 5,406,405 



65,000 
373,230 
260,000 

46,600 



6,766,000 

943,000 

1,951,447 



262,250 

1,264,900 
1,263,000 



3,622,868 



1,448,012 



926,571 
428,866 

337,000 
1,180,760 



6,812.300 
130.000 
199,426 



12,624,000 

286,000 

601,670 

2,367,131 

3,883,500 

805,300 

17,864,636 

287,000 

786,600 

3,022,700 

239.000 

75.000 

26,000 

1,692,450 

10,000 

42,000 

200,000 

476.064 

3,266,960 

11.660 
168,000 
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Kind of wood — Continued 



i 



DoukIm fir 


Oak 


Maple 


Spruce 


Red gum 


Hemlock 


Feet b. m. 
2,273,788,484 

1,991,177,352 

7,349,840 

86.544.784 

11,387,790 

930,610 

2,005.176 

2,537.250 

65.000 

247.200 

480,400 

89,705,322 

44,342,081 

5.512.310 

6.000 

543.600 


Feet h. m. 
1,983.584,491 

501,367,77» 
56,362,111 
305,276.814 
431,063,289 
212,918,361 

7,716,860 

69.346,130 

135,269.118 

12.458.472 

20,638.480 

5,042,401 
32.382.311 
62,681.744 

7.644,265 
31.351,621 


Feet b. m. 
919.420.274 

317.634.231 

96,831,648 

6,789.298 

87,671.466 

35.863,267 

38.255,880 
48,319,210 
47,264,747 
41.238.446 
45,482,775 

200,000 

1,014,167 

20,701.026 

110.000 

6.375,242 

1.200.000 

14,219.000 

879,925 


Feet b. m. 
805,050.195 

360.628.295 

335,935.643 

8.799.060 

2,270,500 

835.660 

28,591,148 

2,623,500 

10,000 

18,000 

29,144.160 

10,233,500 
7,783.980 
2,016,816 
1,700.000 
5,665,690 

750.000 
2.301,000 
7,063,000 


Feet b. m. 
797.343.658 

121,366,583 

402,121,640 

1.035.640 

102.237,867 

26.650.314 

8.358,296 
11.976.000 
8,790,280 
6,654.300 
9.243,825 

1,085,000 

164,000 

5,491.170 

7.010.520 

13,483.400 


Feel b. m. 
708.762.760 

442.060.165 

203.526.001 

12.455.379 

7.053,446 

448,678 

2.136,622 

1,257.400 

216,000 

600,000 

616.600 

1,777,000. 
4,745,77^ 

473,300 
1,985,000 
0,934,872 


184.500 
3.000.000 


427,600 
294,000 


3,395,000 
2,065,200 


1,300.000 


3.500.000 






4,500 

8,295,864 

3,000 

16,043,423 

39.000 

403.200 

19.106,250 
565,800 

7,343.500 
372,100 

1,444,057 

2,640,700 

2.497,559 

182.200 

250.000 

14,031,200 

4,936,000 

4,826.472 

90,900 

77.000 

956.200 

1.248.000 
2,576,800 

12.000 
2,637,027 

12,000 

272,100 

158.000 

20.000 

405,000 


5,047,000 

3.597.981 

54,050.000 

309.150 

13,531.450 

96,450 

324.148 
1,706,000 
2.436.000 
4.426.167 
3,964.400 

140.000 
4,913.815 
118.150 
864.900 
388.300 

1.190.650 
949,200 
1,911.897 
1.354.500 
1.662.262 

1,460.600 
854.000 

2,146,060 

80.000 

101.500 

703,786 

461,000 

1,101.100 

664,500 


1.759.850 
729,775 


1,783.005 
206,500 


7.000.000 


985,100 


3,268.191 


6.000 


326.000 


7,676,040 

270.000 

6,898,270 

20,774,280 

3.089,628 

19,677.500 

75.600 

523.000 




















21,361.480 






129.000 
30,000 


177.000 

16.000 

1.300 

1.071.000 
191.800 
478.238 
110.000 


200,000 




241.000 
5.162.000 


805.000 


85.000 
51.000 


150,000 

1,000 

325.000 

416,000 

202,600 

260.100 

284,800 

15,000 


180,000 
580.600 






138,000 


1.980,700 


257.600 
2.328.750 














415,200 


73,000 


1.003,800 


• 

130.500 


1,078,500 
30.000 

1.750.000 

37,000 

200,000 

15.000 


1.000 


100,000 














36.000 


10,000 


1,060.000 


102,900 


1,820,000 


5.000 




20.000 
110.000 
346,000 




















147,100 












12.000 






3,500 




46,600 
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Table 26. — Average Annual Consumption op Wood 



Industry 



Kind of wood 



Yellow 
poplar 



Cyp 



Western 

yellow 

pine 



Bircji 



All induBtries. 



Planins-mill products, sash, doors, 

blinds, and general millwork 

Boxes and crates 

Car construction 

Furniture 

Vehicles and vehicle parts 

Woodenware, novelties, and dairy- 
men's poulterers', and apiarists' 
supplies 

Agricultural implements 

Chairs and chair stock 

Handles 

Musical instruments 



Tanks and silos 

Ship and boat building 

Fixtures 

Caskets and coflSns 

Refrigerators and kitchen cabinets. 



Matches and toothpicks 

Laundry appliances. 

Shade and map rollers 

Paving material and conduits. 
Trunks and valises 



Machine construction 

Boot and shoe findings 

Picture frames and molding . . 
Shuttles, spools, and bobbins. 
Tobacco boxes 



Feet h. m. 
680,036,848 



236,047.697 

166,416,737 

32,439.064 

53,374.580 

48,665,960 



7.278.889 
12.412,300 

1,140.000 

211,900 

40,371,925 

240,000 

448,077 

14.574.881 

9.640.860 

5,985,729 

500,000 

1,026.200 

326.000 



Sewing machines 

Pumps and wood pipe 

Pulleys and conveyors 

Professional and scientific instruments 
Toys 



Gates and fencing 

Sporting and athletic goods. 

Patterns and flasks 

Bungs and faucets 

Plumbers* woodwork 



Electrical^ machinery and apparatus 

Mine equipment 

Brushes 

Dowels 

Elevators 



Saddles and harness 

Playground equipment 

Butchers' blocks and skewers. 

Clocks 

Signs and supplies 



2,988.500 

2,208.677 
190.000 

2.158,814 
701.000 

7,358,919 

8.039.244 
1.974,000 

400.000 
1.001.400 

882,000 

6.000 

970.200 

344.330 

8.010.000 

819.000 

561.700 

86,500 

282.265 



334,600 

22,200 
85,000 



Feel h. m. 
668,363.342 



508,728,575 

38,962,895 

1.676,400 

3,477,800 

1,320,951 



8,693,460 
2,682.000 

122.666 
70,000 

35,408,575 
5,014,741 
3,364,550 

19,167,633 
1,700,600 



15,321,300 
20,000 



1.275.000 
15,868,405 



451.000 
1,569,627 



2,065,000 

3,000 

23.000 

150,000 

681,040 

166.000 

74,000 

25,666 

201,000 



30.000 

10,666 



Printing material . . . . , , 

Weighing apparatus. . -. , 

Whips, canes, and umbrella sticks. 

Brooms and carpet sweepers , 

Firearms , 



Artificial limbs. 
Tobacco pipes. 
Airplanes 



1,085.000 
100,600 

150.000 
73.000 



4,200 



30.000 

30,000 
500 



Feet b. m. 
663,816,810 



264,920,778 

288,291,927 

4,242.600 

1,806,986 

182.300 



262.500 

219.000 

30.000 



127.000 
518.500 
961.720 
543.500 
50.000 



5.000 



361.000 
2,000] 



5.000 
8.000 



33.000 



136,500 
1.200 



7.000 
90.000 
10,000 

1,400 



1,000,000 



Feet h. m. 
481.293,680 



133 



1,867.989 
Jt787.900 
5.830,429 
-^,677,460 
14.227.126 



90, 

5 

64 



29.547.890 
4.704.000 

30.114.332 
9,908,250 

12.349,066 



1,056,167 

16,265,129 

191.000 

3,628,106 

3,575,000 

3,876.500 

93.000 



71.600 

470.406 

7,483.000 

3,133.700 

33.192.000 



206.000 
55.600 

745,000 
1,062,050 
3,123.960 

300.000 

983.233 

7,000 

305,000 

2,404,500 

804.200 

336.075 

1.913,000 

8,149,000 

28,000 

10,000 
147,500 
240,000 

52.044 



242.200 
676.000 
580.000 
630,500 



353,000 
2,000 
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Kind of wood — Continued 



Hickory 


Basswood 


Cottonwood 


Chestnut 


Ash 


Beech 


Feet h. m. 
389,604,631 

2,489,288 

767,920 

1,226,706 

843.600 

239.491.910 

1.667.011 

9.860.470 

1.192.200 

120.294.466 

226 


Feet b. m. 
369,640,782 

60,557,122 
86,979.611 

6.148,621 
33.146,276 

6,418,308 

58,663,923 
7,861,760 
1,768,338 
2,286,886 

10,968,180 

- 6,000 

969,000 

7,114,766 

2,728,038 

6,221,634 

6.676.000 

4.980.670 

702.600 


Feet b. tn. 
322,642,796 

21.428.700 

210.619.609 

3.037.468 

6.168.309 

33.278,658 

13.315.296 

16,143,000 

126,000 

27,000 

2,351,000 


Feet b, n, 
298.849,801 

82.267.497 
36.216.700 

826,074 
44.734,180 

972.809 

20,853,100 

884,000 

5,240,630 

10,000 

38.126,141 

16,000 

761,296 

8,039.596 

46,686.629 

1,608,753 


Feet b. m. 
295,461,482 

21,304,374 
10,607,308 
18,163,433 
16,668,688 
43,974,668 

62,636,800 
10,677,400 

2,766,050 
64.166,872 

2,377.332 

866.000 

7,986.654 

2.783,822 

20.000 

19,066,380 


Feet b. m. 
278.203.632 

58.394.284 
77.899.280 

1.873,700 
21.163,204 

6.497.743 

14.101,663 

4,968.490 

27.187.621 

16.691,207 

4,186.000 

160.000 


110.196 
26.000 


14,026 

1,563,351 

666,000 

4,420,322 

376,000 
7.991.600 


219,366 
1.109.000 


160,000 


787.000 




20,600 
460,000 


111,600 
161.160 


9.680.000 
362.000 


2.600 






173,700 

1,113,136 
26,000 


21.164.406 

1,166.403 
3.699,200 
20,340,700 
1.947,000 
4,206,260 

310,000 


1,973.326 

293,000 
6,000 
1,000 

175,000 
6,750 

326.912 


562,600 
272,376 


634,436 
1,404,362 


520.000 

711.000 
445.000 


10.000 
872,000 


1,314,650 


281,846 
437,000 


1.200.596 
3.623.600 




540,000 






925,000 


976,500 
612.100 
123,600 
896.300 

• 700 

3.180.000 

36.000 


62,600 




626,000 
2.619,070 
8,739.242 

50,000 
318,600 
123,600 


42.000 

170 

257,000 


120,000 
367,000 
966,268 

5,121,600 
222,000 
175,200 


1.976.000 
1.269.600 
3,221,506 


971,332 


600 


4,944.000 


60.000 


212,000 
10.500 


6,000 




860.000 




246,000 
299,000 




114,000 

112.700 

864,405 

31,600 


536.000 

87.000 
43.426 
36.400 
29,000 
146,700 

2,103.000 

180.000 

20.000 






7.600 


425.000 


816,363 


1.195.525 


126.000 
30,600 


768,300 

167,600 

10,000 

62,000 


60.000 
5.000 


6,378.894 
L834.000 


100 


19,000 

• • ••••••••• 




12.800 
100,000 


46.000 


2,658,600 
3.083.500 


1,310,000 








920.000 




1,416,000 
100,000 

362,600 
36,000 
32,600 




290,000 


9.714 




100.000 






20,600 


266,800 


391.000 

6,900 

30.000 

236,984 


289.900 






335.000 


84.000 






2.822.600 








98,350 


• 










40.010 


1.000 




















2,000 








12,000 
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Tablb 26. — Average Annual Consumption of Wood 



Induatry 



Kind of wood 



Elm 



Tupelo 



Redwood 



Larch 



All industries. 



Planinff-mill products, sash, doors, 

blincu, and general mill work 

Boxes and crates 

Car construction 

Furniture 

Vehicles and vehicle parts 



Woodenware, novelties, and dairy- 
men's, poulterers', and apiarists' 
supplies 

Agricultural implements 

Chairs and ohair stock 

Handles 

Musical instruments 



Tanks and silos 

Ship and boat building 

Fixtures 

Caskets and coffins 

Refrigerators and kitchen cabinets. 



Matches and toothpicks 

Laundry appliances 

Shade and map rollers 

Paving material and conduits. 
Trunks and valises 



Machine construction 

Boot and shoe findings 

Picture frames and molding. . 
Shuttles, spools, and bobbins. 
Tobacco boxes 



Sewing machines 

Pumps and wood pipe 

Pulleys and conveyors 

Professional and scientific instruments 
Toys 



Gates and fencing 

Sporting and athletic goods. 

Patterns and flasks 

Bungs and faucets 

Plumbers' woodwork 



Electrical machinery and apparatus. 

Mine equipment 

Brushes 

Dowels 

Elevators 



Saddles and harness 

Playground equipment 

Butchers' blocks and skewers. 

Clocks 

Signs and supplies 



Printing material , 

Weighing apparatus , 

Whips, canes, and umbrella sticks. 

Brooms and carpet sweepers , 

Firearms , 



Artificial limbs. 
Tobacco pipes. 
Airplanes 



Feel b. tn. 
218,200,988 



6,218,860 
63,726,458 

1.221,121 
12.154,102 
31,296,922 



16,383,426 
7,249,000 

23,157,586 
3.060.307 

15.602,440 

15.000 

706.600 

6.368,275 



13.046,100 



1,365.000 
'6.409.286 



831,000 

2.000 

43.000 



1.809.000 



20.000 

200.000 

200 

2.042.055 

155.000 

3,226,750 

40,000 



55.000 

463,000 

8.800 

187.000 

175.000 

68.500 

276.000 
334.000 



200.000 
84.200 



Feet b. m. 
127,958,309 



17,003,448 

74.982,910 

114.168 

2,529.000 

1.067,600 



5.366.900 

1,140.000 

191,000 



460,000 

20,000 
138.490 
248,000 
500,000 

39,500 



3,842,000 
1,006.000 
1.050.000 



27.500 



240,000 

250.000 

10,376.217 

2,200.000 

529.500 

639.000 

12.000 

5.000 



20.000 
500 



3.589,760 
1.000 



15,000 

20,000 
1,000 



322.816 



10,000 



Feet b. m. 
122,326,779 



92,759.519 

2.439.500 

120.000 

355.250 

259.000 



3.208.160 
200,500 



286.200 

8.124.938 

837.500 

1,074,710 

1,782,000 

161,000 



13.000 
2,000 



58,500 
47,632 



1.033,200 
2.000 



36,000 



147,460 
20,000 



Feet b. m. 
114,029,275 



88,484.081 

7.470.300 

1.537,669 

154.000 



416.700 
100.000 



9.745.000 

328.525 

2.000 



56.000 



4.475.000 



61.000 




16.000 
9.117,500 


612,666 


31,220 








133.000 


48,000 



700,000 



^ 
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Kind of wood — Continued 



Cedar 


Siigar pine 


Balsam fir 


Mahogany 


Spanish 
cedar 


Sycamore 


Feel b. m. 
102.248.253 

45,187.611 
2,512,150 


Feet b. m. 
59.211.298 

31,795,077 

24,686.000 

61,328 

375.510 

6,000 

419,063 
50,000 


Feet b. tn. 
53,262,030 

10,863.300 

40,173,700 

700,750 


Feet b. «n. 
50,575,999 

7,336,932 

13,000 

5.986,198 

15,637,125 

516,399 

72,305 

500 

2,455,700 

29,000 
8,610,355 


Feet b. m. 
30,323.441 

8.123 


Fee* b. m. 
26.052.812 

1,723.550 
16.451.693 


339,487 






1,856.100 


2,500 
500 

10,000 


1.474,882 


2,500 
6,405,470 


1,000 
586,880 


62,600 

607,500 
290,000 


34,500 






971,344 










156.000 


17.500 
4,549.400 


1,004,400 

10.750 
200,500 
206.650 


101,400 


7.750 


304.600 


6,999.722 




1,190.192 

5.527,819 

1.528.294 

6.800 


27,300 


38.000 


977.345 




713,000 


5,901,718 




300 








710,000 


340,000 


407,500 








4,867,000 


2,000 
30,000 


100.000 






2,000 


5,000 


5,000 




202,000 


100.000 








6,000 


11,000 
4,000 


25,000 


500 
5,885 




5,000 


100 
















2,730 




171,200 




30,000 










246,750 






161,200 
91,878 


30,203,068 


'430.666 








150,000 
























20,050,000 


23,500 




84,862 












91.343 


465.500 












222,500 






100.000 
271.659 


31.500 
31,400 


30,500 


265.400 


294,350 






30,000 












127,000 
301.700 






735,000 




















24.000 


3,440 




35,300 


1.000 


74,300 


18,000 








15.000 
10,000 




1.000 












34.500 














•••• 




• •■•••■■••••• 




1.600,000 








204,196 






20.000 


• ■•••••■«•••• 














48.500 

4.000 

15.000 

30.500 
















2.000 


















270,000 


























•■••••••••••• 
















6,000 

















214 



TIMBER 



Table 26. — Averaqb Annual CJonbuhption of Wood 





Kind of wood 


Industry 


Black 
walnut > 


Cherry 


White fir 


Willow 


AH industries 


Feet b. m. 
23.988,346 

4.606.420 
163.250 
256,181 

1.689.967 
390.450 

38.547 

8.000 

263.200 

29.050 

4.991.808 


Fett b. m. 
12.047.210 

1.674.236 
170.600 

1.965.570 

622.530 

39.650 

62,350 
300 

56.000 
617.500 
334.180 

500 

184.976 

2.231.750 

33.000 

7.500 


Feei b. m. 
11,338.580 

8.162,250 
3.142.080 


Feet b. m. 
10.664,770 


Planinff-miU products, sash, doors, 

blinds, and general millwork 

Boxes and orates 


266,000 
10.004.600 


Car construction 




Furniture 




40,000 


Vehicles and vehiole oarts 


3.000 
31.250 




Woodenware. novelties, and dairy- 
men's, poulterers', and apiarists' 
supplies 


128,000 


Agricultural imolenients 




Chairs and chair stock 






Handles 




19,000 


Musical instruments 






Tanks and silos 






Ship and boat buildins 


■3.766' 
660.635 
474,000 




1.000 


Fixtures 




150.000 


Caskets and coffins 






Refriserators and kitchen cabinets. . . 






Matches and toothpicks 








Laundry appliances 


20.000 
2.000 


2.000 
2.000 






Shade and map rollers 






Paving material and conduits 






Trunks and valises 










Machine construction ....*. 


10.817 


60.500 

25.000 

10.000 

5.000 






Boot and shoe findings 






Picture frames and moldinc 


125.004 






Shuttles, spools, and bobbins 






Tobacco boxes 








Sewing machines 


7.796.815 








Pumps and wood pipe 








Pulleys and conveyors 










PrnfAtfinnal and scientific instruments 


71.200 


732,750 
2,000 






Toys 






Gates and fencing 








Sporting and athletic iroods 


41.000 
21,500 
56.000 
10.300 

452.600 


600 
165,594 






Patterns and flasks 






Bunm and faucets 






Plumbers' woodwork 


92,400 
27.800 






Electrical machinery and apparatus.. 

MinA eniiinment 










Brushes 


26,700 


488.900 
10,000 






Dowels 






Elevators 






, 


Saddles and harness 










Plavsround eauioment 




15,000 






Riito-npnf' blocks and skewers 








Clocks 


58.527 


300,000 






Siffns and suonlies 






Printinir material 




2,089.625 
7,500 






Weiffhins aoDaratus 








Whips, canes, and umbrella sticks — 
Brooms and carpet sweepers 

FtrAArrng 


20.000 

500 

1.700.135 


















Artificial Kmbs 


10,000 




56.170 


7ob&cco ninea 








AirnlAnpfl 





















LUMBER PRODUCED IN THE UNITED STATES HtS 
BT THB WooD-woRKiNO Invubtbies OF THE U. S. — (Continued:) 

Kind of wood — Cormnued 



Dogwood 


Noble fir 


Magnolia 


Buckeye 


Perrim- 
mon 


Cuoumber 


Butternut 


Feet b. m. 
7,618,177 

6.000 


Feet b. m. 
6,653,500 


Feet b. m. 
6,156,500 

116,900 
5,449.000 


Feet b. m. 
5,486,047 

694,400 
3.174.028 


Feet b. m. 
3,571,760 


Feet b. m. 
2,660,700 

1,416.800 
524,000 


Feet h. m. 
2,310,793 

231,700 




6,653,500 




678,000 






1,300 






477,100 
9,500 


415.000 
63.419 

83,700 


35,000 


. 16,000 
3,800 

660,000 
1.100 


693.606 






11.500 


34 






169,000 










10,000 












20,546 


.. 190,230 








7,000 




2,000 








6,000 




98,100 














1 ; 








78,237 






27,000 


10.000 
207,600 






393,600 








20,000 


16,000 










.'.... 
















, 


125.000 
















5,000 




_ 












415,000 


















5,000 








413,000 












214,000 


20,000 




7.060,425 




2,909,760 








75.000 












































10,000 


10,000 


31,200 










30.000 














10,000 
















6,000 








206.000 












3,000 




42.710 












14,600 






























147,288 














9,000 




2.000 




1,000 






1,000 






































67,000 


























1 












1 




75,000 
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Table 26. — Average Annual Consumption of Wood 



Induatry 



Kind of wood 



R«d alder 



Lod^epole 
pine 



Red fir 



Circaaaian 
walnut 



All induatriea. 



Planinc-mill producta, aaah, doom, blinda, 

and general millwork 

Bozea and eratoi 

Car conatruction 

Furniture 

Vehiclea and vehicle parte 



Woodenware, noveltiea, and dairvmen'a, 

poulterera', and apiariata' auppuea 

Agricultural im^lementa 

Cnaira and chair atook 

Handlea 

Muaioal inatrumenta 



Tanka and ailoa 

Ship and boat building 

Fizturea 

Caaketa and coffina 

Refrigeratora and kitchen cabineta. 



Feet h. m. 
2.248.700 



436.000 
'792,666' 



20,000 



625.000 
361.700 



Feet h. m. 
1.979.500 



969.500 



1.000.000 
1,000 
8,000 



Matohea and toothpicka 

Laundry appliancea 

Shade and map roUera 

Paving material and conduita. 
Trunka and valiaea 



Machine conatruction 

Boot and ahoe findinga 

Picture framea and molding- • 
Sbuttlea. apoola. and bobbina. 
Tcbaeoo boxea 



Sewing machinea 

Pumpa and wood pipe 

Pullesra and conve^ora 

Profeaaional and acientific inatrumenta. 
Toya 



5.500 



Feet h, m. 
1.854,830 



524.000 
1.328,330 



2,500 



1,000 



Feei b. tn. 
1.744.779 

740.212 

" " ' 1,366* 
452,040 
16.820 

14.857 
8,366* 
' 26iB',4i5' 



25,000 

99,050 

5,000 

500 



100 



7.000 
■*256" 



Oatea and fencing 

Sporting and athletic gooda. 

Pattema and flaaka 

Bunga and fauceta 

Plumbera' woodwork 



Electrical machinery and apparatua. 

Mine equipment 

Bruahea 

Dowela 

Elevatora 



Saddlea and harneaa 

Playground equipment 

Butcnera' blocks and skewers. 

Clocks 

Signs and auppliea 



8,000 



Printing material 

Weighing apparatua 

Whips, canes, and umbrella sticks. 

Brooms and carpet sweepers 

Firearms 



Artificial limbs. 
Tobacco pipes. 
Airplanes 



25.000 



13.400 



20,500 
47,035 
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Kind of wood — Continued 



Fmdoak 


Haekbeny 


Lignum- 
vitn 


Teak 


West 

Indian 

boxwood 


Alpine 


Looutt 


F«st b, m. 
1,886,530 

333,702 


FmI b. m. 
1.128,000 

441,000 
315,000 


Feet b. m. 
952.126 


Feet b. m. 
026.960 

114.245 


Feet b. m. 
870.412 

t 


Feet b. m. 
780,000 

270,000 
500,000 


Feet b. m. 
639,228 

220.000 










723,063 




31,000 
1,690 






230,100 


70,000 
100,000 

150.000 


503.663 






2.000 


1,000 






110.350 




1.000 




2,100 


10.000 


80,500 








3,000 


















1,500 




37,556 
70,328 




4,000 
























8,375 




10,631 
785 


764,309 
1,125 






215,028 


85,000 


6.000 






1,000 








































. 






• 












2,000 












f 






•• 




















961 








2,500 




































103,440 


















































72,300 
37,236 














1,000 


653,848 
































234,050 


10.000 
1,600 








1,600 








500 








































2,000 














31,350 


600 








3,140 


































46.000 












• 






















































t 






t 












































































































1 
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Table. 26. — Avebaqb Annual Consumption of Wood 





Kind of wood 


Induatry 


Horn- 
beam 


Ebony 


Osage 
orange 


Rose- 
wood 


• 

All indtiHtrifHi , 


Feet b. m. 
608,484 

19,000 


Feet b. m. 
528,812 

50,600 


Feet b, m. 
520,076 


Feet b. m. 
471,734 


Planing-mill products, saah, doon, blinds, 
and iteneral millwork 


6,100 


Boxes and crates 






Oar constniction 






30,000 

1,000 

439,026 

50,000 


37,000 


Furniture 


16,000 
126,000 

10,000 
1,200 


5.450 


15,280 


Vehicles and vehicle Darts 


1,100 


Wooden ware, novelties, and dairymen's, 

poulterers', and apiarists' supplies 

Amicultural inmlements 


1,045 


3.613 


CKairs and chair stock 








Handles 


415.500 


4,664 
60,373 




15,456 


Musical instruments 




49,645 


Tftnks and silos 








Ship and boat building 




50 


1,600 


Fixtures 1 


1,800 


52,925 


Caskets and coffins 






Refrigerators and kitchen cabinets 










Matches and toothpicks 










Laundry appliances 










Shade and map rollers 









1,000 


Paving material and conduits 










Trunlu and valises 










Machine construction 


100 








Boot and shoe findings 








Picture frames and molding 




1,330 




2,420 


Shuttles, spools, and bobbins 








Tobacco boxes 








100 


Sewing machines 










Pumps and wood pipe 










Pulleys and conveyors 










Professional and scientific instruments. . . . 




500 




219.353 


Toys 


• • •••■•• 






Gates and fencing 








' 


Sporting and athletic goods 




189,000 




24.400 


Patterns and flasks. '. 








Bungs and faucets 








10.642 


Plumbers' woodwork 








1.000 


Electrical machinery and apparatus 








2,260 


Mine eauipment 


21,684 








Brushes 


10,100 




12,050 


Dowels 








Elevators 










Saddles and harness 










Playground eauioment 










Bxitcners' blocics and nl^pweni 










Clocks 








290 


Siflrns and suDoIies 










Print.inir matAriAl 










Weiffhins aooaratus 










Whine, canes, and umbrella sticks i 




194,150 






Brooms and caroet sweeoers 






5,500 


Firearms 










Artificial limbs 








10,000 


Tobacco nines 




9,800 






Aimlanes ' 
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Kind of wood — Continued 



Prima vera 


Sassafras 


Eucalyp- 
tus 


Apple- 
wood 


Cocobola 


Yucca 


Holly 


Laurel 


Feet b. m. 
380,568 

121,973 


Feet b. m. 
360.268 

336,000 


Feet 6. m. 
338,800 

4,200 


Feet b. m. 
320,935 


Feet b. m. 
279,400 


Feet b. m. 
172,300 

60,000 
3,500 


Feet b. m. 
86,680 

600 


Feet b. m. 
72,400 

1,600 




13,800 




25,350 












67,500 


12,000 


5,500 
40,950 


500 
1,000 






100 


13.600 












1,500 


2,400 


69,000 


60,000 


4.200 




10,000 


























156,400 


210,000 








4,300 




1,000 




3,580 








• 








31,750 


50 

10,000 

718 


273,050 
100 


1,500 


200 






47,500 


129,595 






600 




























































100 




















































4,000 
































































































300 














■ 
















26,000 


64.800 












. 

■ 














• 






















1.500 



























































































2,000 




21,000 






















































































































1,000 






















































6,000 





























39,800 












121,435 







































220 



TIMBER 



Table 26. — Avbragb Annual Consumption of Wood bt the Wood- 
working Indcbtiuxs of the U. S. — (Condtided.) 





Kind of wood 


Industry 


Satin- 
wood 


Koko 


Turkish 
box- 
wood 


Miscel- 
laneous 
foreign 


Miscel- 
laneous 
native 


All industries 


Feel b. m. 
67,058 

34,000 


Feet b. m. 
32.600 


Feet b. m. 
20,180 


Feet b. m. 
630.345 

106,126 


Feet b. m. 
432,158 

261,750 
101,308 


Planins-mill products, sash, doors. 
blindB. and general millwork 


Boxes and orates 






Car construction 


288 

22,070 


32,000 




46,000 

46,580 

330 


Furniture 




15.650 
8,000 

12.450 
10.000 


Vehicles and rehicle parts 






Woodenware, novelties, and dairy- 
men's, poulterers*, and apiarists' 
supplies 








Agricultural implements 










Chairs and chair stock 










Handles 






226 
26 


985 
625 




Musical instruments 


5,100 






Tanks and silos 






Ship and boat building 








20.500 
17,000 


1.000 


Fixtures 


1.000 
5,000 


500 




Caskets and coffins 






Refrigerators and kitchen cabinets. 










Matches and toothpicks 












Laundry appliances 












Shade and map rollers 




100 








Paving material and conduits 










Trunks and valises 












Machine construction 












Boot and shoe findings 












Picture frames and molding 








2,250 

40 

36,600 




Shuttles, spools, and bobbins 






1,576 




Tobacco boxes 








Sewing machines 










Pumps and wood pipe.* 












Pulleys and conveyors 












Professional and scientific instru- 
ments 












Toys 












Gates and fencing 












Sporting and athletic goods 












Patterns and flasks 








••• 




Bungs and faucets 












Plumbers' woodwork 












Electrical machinery and apparatus 












Mine equipment 












Brushes 


500 






1.000 




Dowels 








Elevators 












Saddles and harness 












Playground equipment 






• 






Butchers' blocks and skewers 












Clocks 












Signs and supplies 












Printing material 






33 






Weighing apparatus 










Whips, canes, and umbrella sticks... 






25,600 


30 




Brooms and carpet sweepers 








Firearms 






1,731 






Artificial limbs 






30,000 
322,280 




Tobacco pipes 








22,000 


Airplanes 
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All imported woods used by factories are included in Table 
26. 

Wood used for lath, shingles, cooperage, veneer, pulp, dis- 
tillation, poles, and ties is not covered in Table 26. 

The scope of the statistics for the industries with titles that are 
not entirely descriptive is as follows: Planing-mill products 
cover standard patterns, such as flooring, ceiling, and siding, 
made in large quantities by planing mills in lumber-producing 
regions; while sash, doors, bUnds, and millwork usually are made 
in millwork plants in the consuming regions. However, consider- 
able quantities of doors and door stock are made in the producing 
regions of the Pacific Coast States. Boxes and crates cover all 
kinds of packing boxes and crates made of lumber or veneer, 
also fruit and vegetable packages and baskets. Car construc- 
tion covers wooden construction in all types of railroad and elec- 
tric cars, as well as in locomotives and mine cars. Furniture 
includes household and oiEce furniture, except chairs, kitchen 
furniture, and fixtures in business buildings. Vehicles take in 
horse vehicles, automobiles, bicycles, pushcarts, and wheelbar- 
rows. Woodenware and novelties embrace a thousand or more 
articles, such as kitchen utensils, wooden dishes, butter and cheese 
packages, measures, pails, wooden novelties of all kinds, ladders, 
and supplies for dairymen, poulterers, and apiarists. Fixtures 
are such as show cases, counters, bars, and lodge and church 
furnishings. Shade and map rollers include also curtain and rug 
poles and Venetian blinds. Machine construction means wooden 
construction in machinery of all kinds. Shoe lasts, pegs, and 
shanks are boot and shoe findings. Four-sevenths of the wood 
used for professional and scientific instruments went into pencils, 
the rest into artists', photographers', and draftsmen's instruments, 
rules, and scientific apparatus. Billiard and pool tables, as well 
as gymnasium goods and all outdoor sporting goods, come under 
sporting and athletic goods. Mine equipment includes venti- 
lating apparatus, brattices, breaker equipment, slope rollers, and 
sprags. Dowels are small rods used in fastening together fur- 
niture, fixtures, and doors. Under playground equipment are 
included lawn swings and porch furniture. 

The kinds of wood are classified according to rather broad 
commercial practice. The classification is practically the same 
as that used in the lumber census bulletins; figures on the several 
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species of each family or group are combined under the common 
name. 

Oak, maple, spruce, hemlock, birch, hickory, basswood, ash, 
elm, cedar, ^ willow, locust, and eucalyptus cover each its different 
species. Yellow pine includes the southern yellow pines. North 
Carolina pines, and minor eastern yellow pines. Western yellow 
pine is listed separately; trade names for it are western pine, 
western soft pine, and California white pine. 

White pine covers both northern and western (Idaho) white 
pine as well as Norway pine and jack pine. 

Cottonwood takes in the cotton woods, aspen (or popple), and 
balm of Gilead. 

Tupelo includes cotton gum (called tupelo commercially), 
black gum, and water gum. 

Larch includes western larch and eastern tamarack. 

Mahogany covers all woods sold in this country as such. 

White fir includes the botanical white fir as well as grand and 
silver (amabihs) fir. The other minor firs, noble, red and alpine 
fir, usually sold as white fir, are listed separately. 

All other kinds of wood listed are single species, except that 
cypress, sycamore, cherry, dogwood, magnolia (cucumber, of 
the magnolia family, is shown separately), and buckeye are 
family names, but only one species of each is used commercially. 
Redwood sometimes includes lumber from the bigtree. The 
red-gum tree yields both commercial red and sap gum and both 
are covered in Table 26 by red gum. 

Figure 108 shows graphically the comparative amounts of 
wood used by the larger industries in each State. 

Amount of Wood Used Annually for all Purposes. — The 
average amount of wood used annually in the United States for 
the last few years for lumber and manufactured products has 
been about 52 billion board feet. This is made up of sawed 
lumber, ties, mine timbers, wood used for paper pulp, distillation, 
etc., but does not include fuel, fence posts, and rails. The total 
amount of wood used annually is estimated at about 100 billion 
board feet. Table 27 gives the quantities of wood used annually 
in the United States for various purposes. 

^ Spanish cedar is listed separately. 
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Table 27. — ^Amount or Wood Used Annually in the United States 

FOR Various Purposes^ 



Induatry 



Quantity used 
annually 



Construction timber and lumber 

Planing-mill products, sash, doors, and general millwork . 

Boxes and crates 

Ties 

Mine timbers 

Pulp 

Car construction 

Shingles 

Furniture 

Vehicles 

Slack cooperage 

Distillation 

Lath 

Tight cooperage 

Veneers ' 

Woodenware and novelties 

Agricultural implements 

Chairs 

Handles 

Musical instruments 

Tanks and silos 

Poles 

Ship and boat building 

Fixtures 

Caskets and coffins 

Refrigerators and kitchen cabinets 

Excelsior 

Miscellaneous secondary industries (39) and extract 
wood 

Total (lumber and manufactured products) 

Firewood 

Posts and rails 

Grand total 

^ Based on 1912 lumber cut. 



Feet 6. m. 

14,484,568,000 

13,428,862,000 

4,647,973,000 

4,601,767,000 

2,422,376,000 

2,164,026,000 

1,262,090,000 

1,203,769,000 

944,678,000 

739,124,000 

666,603,000 
610,680,000 
543,833,000 
478,438,000 
444,886,000 

406,286,000 
321,239,000 
289,791,000 
280,235,000 
260,196,000 

226,618,000 
204,000,000 
199,698,000 
187,133,000 
163,395,000 

137,616,000 
100,247,000 

1,196,110,000 



52,382,134,000 

42,968,000,000 
6,000,000,000 



101,350,134,000 



INDEX 



Agencies that destroy wood, 65 

Air dry condition, weight in, 12 
wood, crushing strength for, 
13 
seasoning, 132 

Alkaline soDs, birds, and sap stain, 
70 

American Hardwood Manufacturers' 
Association, 171 

American Society for Testing Mate- 
rials, 71, 72, 73 

Amount of wood used annually in 
the United States, 223 

Annual drain upon the forests, 9 
growth of wood in the forests, 9 
rings, 48 
shrinkage as affected by direc- 
tion of, 128 

Average annual consumption of 
wood, by species, in the 
United States, 208-220 

Average annual consumption of 
wood by the wood working 
industries in the United 
States, 206 

Average strength values for air sea- 
soned material compared 
to those for green material, 

of green structural timbers, 

44 
Axe handle attacked by powder 

post borers, 68 
Axles, maple and hickory, strength 

of, 115 



B 



Beam at completion of test, failure 
in horizontal shear, 57 

Bending, method of testing small 
beams in, 18 



Bending strength, 123, 124 

strength and dry weight, rela- 
tion between, 47 
strength for western hemlock, 

27 
test, 16 
Bending tests, effect of caseharden- 
ing upon the moisture- 
strength curve, 31 
Boards, badly warped, 132 
Boiling process, effect of, 38, 39 
Borers, fungi, and insects, 65 
'Botanical and common names, 11 
Boxes, nailed, wirebound, and dove- 
tailed, results of compres- 
sion tests, 99 
packing, 97 
wirebound, 106 
Box-testing machine, revolving 

drum, 103 
Box woods, classification of, 105 

species for, 105, 106 
Brashness, 132 

Buggy shafts, oak and hickory, 112 
summary of tests on, 114 
spokes, hickory, grades for, 108, 
111 
tests on, 111 
method of testing, 108 
spoke-test chart, 110 
Buildings, deterioration in, 70 



Casehardening, 129 
Causes of decay, 63 
Characteristics affecting decay in 
timber, 60 
the strength of timber, 46 
Character of lumbering industry, 9 
Checking, 129 

Checks and knots or knot holes, 
defects, 63 
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INDEX 



Classification of box woods, 105 
defects in structural timbers, 73 
knots, according to form, 75 
knots, according to quality, 74 
species, 222 
Cleavability test, method of making, 

24 
Collapse, 131, 133 

Common and botanical names, 11 
of species (table 3) facing 
page 10 
Compression and drop tests of 
packing boxes, 97 
parallel to grain, 19 

relation between the crushing 

strength and moisture, 29 

perpendicular to grain, 13, 20 

Concrete as foundation material, 140 

Conifers, common and botanical 

names of (table 3) facing 

page 10 

Consumption of wood by species, 

208-220 
Cross arms, method of testing, 94 
results of tests on, 96 
test devised by the Forest 
Service, 93 
Cross section of loblolly pine beams, 
49 
longleaf pine tree, 55 
timber, 76 
Crossties, poles and sawed timbers, 

135 
Crushing strength and moisture, 27 
for air dry wood, 13 
for green wood, 13 
for western hemlock, 27 
tests, results of, 27 
Cubic foot weight, 11 
Cultivator poles, Douglas fir and 
southern pine, 119 
simimary of tests on, 122 



Decay, causes of, 63 

in timber, 65 

characteristics affecting, 60 
Deductions from tests, 42 

of vehicle parts, 121 



Defects, knots, checks, and shakes, 56 
knots or knot holes and checks, 

63 
knots, stained sap, shake, wane, 
rot, pitch pockets, splits 
and seasoning checks, 162 
Density, 46 

or dry weight, 14 
"Density rule," so called, 72 
Deterioration in buildings, 70 
Direction of grain, 50 
Displacement of water, method of 
determining volume by, 25 
Douglas fir and couthem pine culti- 
vator poles, 119 
Drainage imder lumber piles, 141 
Drop tests and compression of 

packing boxes, 97 
Dry kilns, preliminary treatments, 
156 
rot, 63 

weight, moisture per cent, based 
on, 28, 29 
Drying, kiln, 150 

lumber, conditions suitable for, 
157 
theoretical conditions in kiln, 
159 
maximum rate of, 158 
process of, 156 
temperature of, 159 
Durability and strength, 73 



E 



Effect of absorption of water, 126 
boiling process, 38, 39 
casehardening upon the form 
of moisture, strength in 
bending tests, 31 
moisture, 27 

on strength, 52 
preservative treatment, 36, 37 
and conditioning treatments, 
30 
Effect of steaming process, 40 
various treatments on small, 

clear sticks, 41 
varying degrees of moisture, 28 



INDEX 
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Elasticity, modulus of, 14 

Elastic limit, fiber, stress at, 13 

Evaporation! rate of, 157 



Failure due to spiral grain, 53 
in horizontal shear beam at 

completion of test, 57 
of nailed boxes, 100 
Fiber saturation point and shrinkage, 
126 
stress at elastic limit, 13 
Fir, Douglas, tests on, 31 
Flat or horizontal piling of lumber, 

138 
"Forest growth" and "second 

growth," 121 
Forest regions of the United States, 

1,2 
Forests, annual drain upon, 9 
growth of wood in, 9 
hardwood, 3 
regional, 3 
Foundation material, concrete as, 

140 
Fruiting body of wood-rotting fun- 
gus, 66 
Fungi, insects, and borers, 65 



Fungous growth, surface, 66 
Fungus, spread of, by contact, 67 



G 



Graded lumber, manufacture and 

distribution of, 164 
Grades adopted for hardwood lum- 
ber products, 166 
softwood lumber products, 
178 
Grades used for softwood lumber, 178 
cypress, 181 

Douglas fir, Sitka spruce, west- 
em red cedar, and western 
hemlock, 182, 183 



Grades used for softwood lumber, 
Douglas fir, western hemlock, 

and Sitka spruce, 184 
Engelmann spruce, white fir, 
western red cedar, Douglas 
fir, and larch, 185 
hemlock, 186 
kiln dried North CaroUna pine, 

179 
Imnber and planing mill prod- 
ucts, 179 
northern white pine, spruce, 

and tamarack, 180 
Port Orford cedar, 183 
redwood, 186 
sugar pine and California white 

pine, 185 
western white pine, Idaho white 

pine, 185 
whit« pine, 180 
yellow pine, 178, 179 
Grading of lumber by manufac- 
turers' associations, 162 
structural timbers, 71 
rules used for softwood lumber, 
188-199 
various, 77 
Grain, compression parallel to, 19 
perpendicular to, 13, 20 
direction of, 50 
spiral, 51 

in Sitka spruce, 53 
or diagonal, 52 
Gravity, specific, 12 
Green wood, crushing strength for, 
13 
stnictural timbers, average 
strength of, 44 
Growth of wood, annual, in forests, 
9 



H 



Hardness, 14 

method of making test for, 21 
Hardwood associations, 165 

Hardwood Manufacturers' As- 
sociation of the United 
States, 165, 168, 175 
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INDEX 



Hardwood aasodations, National 
Hardwood Lumber Association, 

165, 166, 172 
National Wholesale Liimber As- 
sociation, 165, 166 
Hardwood lumber grading, 165 

number of grades, 171 
Hardwoods, common and botanical 
names (tables 3), facing 
page, 10 
Heartwood and sapwood, 55 
Hickory buggy spokes, grades for, 
108, 111 
toughness of, 123, 124 
wagon axles after test, long- 
sleeved skein trussed, 
117 
thimble skein, 117 
Honeycombed oak timbers, 131 



Industries, miscellaneous, 208-220 

using wood, 223 
Insanitary method of handling piling 
sticks, 144 
mill yard, 143 
Insects, fungi, and borers, 65 
wood-boring grubs, powder post 
borers, white ants, 67 



K 



Kiln, conditions in during a run, 158 

Kiln dried lumber, 160 

Kiln dry condition, weight in, 12 

drying, 150 
Kilns, types of, 151 

compartment, 151, 154 

spray, 153 
progressive, 151, 152 
blower, 152 



life of untreated wood species, 62 
Loblolly-pine beams, cross section 

of, 49 
Longleaf-pine, cross section of, 55 



Lumber, dried, storage of, 160 
grading, principles of, 162 
rules for, 164 
softwood, 178 
kUn dried, 160 
manufacture of in United States, 

8 
manufacturers' associations, 

principal, 163 
piled lengthwise on wooden 

foundation, 139 
piled sidewise on concrete and 
metal foundation, 139; so 
as to form, "chinmey," 
147 
piles, drainage under, 141 
piling, dimension of stack (end- 
wise or sidewise piling), 
146 
{endwise piling), 145 
foundations (endwise or side- 
wise piling), 145 
roof protection (endwise or 

sidewise piling), 146 
(sidewifie piling), 145 
spacing stacks (endwise or 

sidewise piling), 146 
stickers (endwise or sidewise 

piling), 146 
sun shields used to reduce 

checking, 147 
treated ends (endwise or side- 
wise piling), 146 
produced and used in the 
United States, 200 
by mills, 200 
production, computed total in 
1915, by kinds of 
wood, 207 
States, 201 
quantity of each kind reported, 

1899-1915, 204 
quantity reported and total 
number of active sawmills 
reporting by States, 1899- 
1915, 202, 203 
relative rank of States leading 
in production of since 1850, 
200 



\ 
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Lumber, relative rank of species 
leading in production since 
1900, 206 

reported production of 1909, 
1912-1915 computed totals 
by classes of mills, 205 

"round edge,'' 164 

sawed, 138 

used in the manufacture of 
wooden products, 206 

yard of a sawmill in the Lake 
States, 149 
Lumbering industry, character of, 9 



M 



Manufacture and distribution of 
graded lumber, 164 
of lumber in the United States, 8 
Manufacturers' associations, grading 

of lumber by, 162 
Maple and hickory wagon axles, 115 
wagon axles after test, 116, 
117 
Marine borers, 69 
Maximum load, work to, 14 

rate of drying, 158 
Mechanical properties of wood, 10, 

15 
Method of conducting drop test 
in boxes, 101 
cutting and marking test mate- 
rial, 32 
determining moisture content 
of wood, 24 
specific gravity of wood, 25 
volume by displacement of 
water, 25 
making cleavability test, 24 
making shearing test, 22 
making test for hardness, 21 
making test in tensicm at right 

angles to grain, 23 
testing cross arms, 94 
buggy spokes, 108 
poles, 89 

small beams in bending, 18 
wagon axles, 113 
wagon poles, 118 



Methods of pihng lumber for kiln 
drying, 155 
test, 15 

treatment, boiling process, 33 
steaming process^ 33 
Mills, lumber produced by, 200 
Miscellaneous industries, 208-220 

wood products, 221 
Modulus of elasticity, 14 

rupture, 13 
Moisture and crushing strength, 27 
condition of structural timbers, 

61 
content and cross section, rela- 
tion between, 127 
composite curve of, 160 
for several woods, 29 
of wood, method of deter- 
mining, 24 
effect of, 27 

effect of various degrees of, 28 
per cent, based on dry weight, 
28, 29 
Mushroom on a rotten log, 66 



N 



Nailed, wirebound, and dovetailed 

boxes, 97 
Names of species, common and 

botanical (table 3), facing 

page 10 
Natural and treated stringers, 

strength and stiffness of, 34 



O 



Oak and hickory buggy shafts, 112 
Oak, southern pine, and Douglas 

fir wagon poles, 118 
Oak timbers, honeycombed, 131 



Packing boxes, 97 

Packing boxes, method of conduct- 
ing diagonal compression 
test, 98 
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PiUng lumber for kiln drying, 
methods of, 155 
flat or horizontal, 138 
rules for, 145 

type of permanent foundation 
for, 141 
Pith, position of, in cross section, 60 
Pole drying lumber, 148 

framework used to dry lumber, 
149 
Poles, results of tests on, 90 

species tested for, 90 
Powder post beetle, 68 
Preservative treatment, effect of, 

36, 37 
Products, miscellaneous wood, 221 
Properties of various woods (table 

3), facing page 10 
Properties, mechanical, of wood, 10, 
15 

Q 

Quantity of each kind of lumber 
reported, 189^1915, 204 

Quantity of lumber reported and 
total number of active 
sawmills reporting by 
States, 189^1915, 202, 203 

R 

Rate of evaporation, 157 

^growth, 50 
Redwood boards, bulge and collapse, 

133 
Regions, forest, 1, 2 
Relation between amount of com- 
pression and crushing load, 
30 
bending strength and dry 
weight (fig. 23), facing 
page, 46 
bending strength and dry 

weight, 47 
crushing strength and moisture 
in compression parallel to 
grain, 29 
moisture content and cross 
section, 127 



Relations indicated by tests, 14 

Resawed sections cut from case- 
hardened red-gum boards, 
130 

Resin in wood, 65 

Results of crushing tests, 27 
shearing tests, 58 
tests on cross arms, species 
tested, 96 
North American woods, 10 
poles, 90 

Revolving drum machine for testing 
boxes, 102 

Right angles to grain, method of 
making test in tension at, 23 

Rotting pine, 65 

"Round edge" lumber, 164 

Rules, comparison of grading, 170 

Rules for piling lumber, 145 

Rupture, modulus of, 13 



S 



Sapwood and heartwood, 55 

Sawed lumber, 138 

Sawed timbers, poles and crossties, 

135 
Sawmill products, grading of, 71 
Seasoning chestnut poles, 137 

Douglas fir timbers, 137 

hardwood ties, 136 

hemlock ties, 135 

how wood may be injured in, 
129 

longleaf pine timbers, 138 

methods, importance of proper, 
125 

northern white cedar poles, 137 

northwestern ties, 134 

objects of, 125 

southern white cedar poles, 136 

southwestern ties, 134 

ties, 135 

western red cedar poles, 136 

wood, 125 
" Second growth " and " forest 

growth," 121 
Shakes, knots, and checks (defects), 
56 
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Shearing strength, 14 
Shearing stresses, calculated, 59 
test, method of making, 22 
tests, result of, 68 
Shipworms (moUuskSj zylotrya^ and 

teredo), 69 
Shrinkage as affected by direction of 
annual rings, 128 
and fiber saturation point, 

126 
per cent, of, 12 
Softwood Associations, 178 

California Redwood Association, 

186 
California White and Sugar 
Pine Manufacturers* As- 
sociation, 185 
Georgia-Florida Sawmill Asso- 
ciation, 179 
North Carolina Pine Associa- 
tion, 179 
Northern Hemlock and Hard- 
wood Manufacturers' As- 
sociation, 186 
Northern Pine Manufacturers' 

Association, 180 
Pacific Lumber Inspection 

Bureau, 183, 184 
Southern Cypress Manufactur- 
ers' Association, 181 
Southern Pine Association, 72, 

73, 178 
West Coast Lumbermen's Asso- 
ciation, 182 
Western Pine Manufacturers' 

Association, 185 
White Pine Association of the 
Tonawandas, 180 
Softwood lumber grading, 178 

products and grade, 178-186 
Softwoods, general character of 
rules for, 178 
grading rules used for, 188 
Cypress, 195 

National Hardwood Associa- 
tion rules, 195 
Southern Cypress Manufac- 
turers' Association rules, 
195 



Softwoods, Douglas fir, 192 

Pacific Ltunber Inspection 

Bureau rules, 193 
West Coast Lumbermen's As- 
sociation rules ("Rail A") 
192 
Eastern spruce, 197 

Northern Pine Manufactur- 
ers' Association rules, 197 
Spruce Manufacturers' As- 
sociation rules, 197 
Engelmann Spruce, 198 

Western Pine Manufacturers' 
Association rules, 198 
Hemlock, western and eastern, 
195 
Michigan Hardwood Manu- 
facturers' Association rules, 
195 
Northern Hemlock and Hard- 
wood Manufacturers' As- 
sociation rules, 195 
Pacific Lumber Inspection 

Bureau rules, 195 
Spruce Manufacturers' As- 
sociation rules, 195 
West Coast Lumbermen's As- 
sociation rules, 195 
Lodgepole pine, 199 

Western Pine Manufacturers' 
Association rules, 199 
Port Orford cedar, 199 
Pacific Lumber Inspection 
Bureau Domestic rules, 
199 
Redwood, 196 

California Redwood Associa- 
tion rules, 196 
Sitka spruce, 197 

Pacific Lumber Inspection 

Bureau rules, 197 
West Coast Lumber Manu- 
facturers' Association rules, 
197 
Southern red cedar (Junip- 

eru8 virginiana), 198 
Southern white cedar, 199 
Navy Department rules, 
199 
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Softwoods, Southern yellow pine, 188 
Gulf Coast Classification, 188, 

191 
Interstate rules, 188 
North Carolina Pine Asso- 
ciation rules, 188, 190 
Southern Fine Association 
rules, 188 
Sugar pine, 194 
California White and Sugar 
Pine Association rules, 194 
Tamarack and larch, 198 
Northern Pine Manufactur- 
ers' Association rules, 198 
Western Pine Manufacturers' 
Association rules, 198 
Western red cedar, 198 

Pacific Lumber Inspection 
Bureau Domestic rules, 198 
West Coast Lumber Manu- 
facturers' Association rules, 
198 
Western Pine Manufacturers' 
Association rules, 198 
Western white pine and western 
yellow pine, 194 
Western Pine Manufacturers' 
Association rules, 194 
White fir, 199 
California White and Sugar 
Pine Associati<m rules, 
199 
Western Pine Manufacturers' 
Association rules, 199 
White pine, eastern or northern, 
191 
Northern Pine Manufactur- 
ers' Association rules, 192 
Tonawanda rules, 191 
Southern yellow pine, treated, tests 

on, 31 
Specific gravity, 12 

of wood) method of determin- 
ing, 25 
Spiral grain, 51 

failure due to, 53 
in Sitka spruce, 53 
Spiral grain or diagonal grain, 52 
Springwood, 48 



Spruce and pine killed by forest fires 
in the Rocky Mountains, 88 
wood of, 51 
Standing timber, 3 
Steaming process, effect of, 40 
Stiffness and strength of small 
pieces, 35 
for western hemlock, 27 
Storage of dried lumber, 160 
Strength and durability, 73 

stiffness of natural and 
treated stringers, 34 
bending, 123, 124 
effect of moisture on, 52 
of dry hickory, 123 

maple and hickory axles, 115 
small, clear pieces, 15 
wood, 10 

wooden products, 43 
or mechanical properties of 

timber, 72 
shearing, 14 
Stress strain diagram for bending 

test, 16 
Stringers, modulus of elasticity 
(stiffness), 36 
rupture (bending strength), 36 
small pieces cut from, 39 
Structural material, vertical grained, 
60 
timbers, grading of, 71 
moisture condition of, 61 
strength of, 43 
tests of, 70 working stresses 
permissible for, 87 
Stumpage, estimates, 5 
Summary of grading rules, 172-178 
of tests on buggy shafts, 114 
cultivator poles, 122 
wagon poles, 120 
Summerwood, 14, 48, 72 



Telephone poles, 88 

Douglas fir (Paeudotsuga taxi- 

fdia), 88 
Engelmann spruce (Picea engeU 
inanni)j 88 
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Tel^hone poles, Lodgepole pine 
(Pinu8 cffntorta), 88 
Northern white cedar (Chamce- 

cyparis tkpoidea), 88 
Western hemlock (Tsttga ketero- 

phyUa)y 88 
Western red cedar (Thuja pli- 
cata)y 88 
Temperature, humidity, and mois- 
ture in wood, 158 
of drying, 159 
Test, bending, 16 

Test material, method of cutting 
and marking, 32 
methods of, 15 
Testing poles, method of, 89 
Tests of structural timbers, 70 
wirebound boxes, 107 
on commercial material, 58 
Douglas fir, 31 
hickory buggy spokes, 111 
nailed boxes, 104 
structural timbers, telegraph 
poles, cross arms, packing 
boxes, and vehicle parts, 43 
treated southern yellow pine, 
31 
relations indicated by, 14 
Ties, seasoning, 135 
Timber, characteristics affecting the 
strength of, 46 
estimated stand in United 

' States, 6 
resources of the United States, 1 
standing, estimates, 3 
strength or mechanical proper^ 

ties of, 72 
supply of, 1 
Toughness of hickory, 123, 124 
Treatments, conditioning and pre- 
servative, effect of, 30 



Various grading rules, 77 

Chesapeake and Ohio Railway 

Company, 77 
Chicago and Northwestern Rail- 
way Company, 80 



Various grading rulas, Chicago, 

Burlington and Quincy Railroad 
Company, 80 

Chicago Great Western Rail- 
road Company, 78 

Georgia-Florida Sawmill Asso- 
ciation^ 82 

Grand Trunk Railway System, 
81 

Illinois Central Railroad Com- 
pany, 81 

Interstate rules of 1916, 85 

National Board of Fire Under- 
writers, 82 

Panama Canal, 82 

Pennsylvania Railroad Com- 
pany, 80 

West Coast Liunbermen's Asso- 
ciation, 84 
Vehicle parts, deductions from tests 
of, 121 
wooden, 107 
Vertical grained structural material, 
60 



W 



Wagon axles, maple and hickory, 115 
method of testing, 113 
poles, Douglas fir, oak, and 
southern pine, 118 
method of testing, 118 
summary of tests on, 120 
Warped boards, 131, 132 
Water, effect of absorption of, 126 
Weight in air dry condition, 12 
kiln dry condition, 12 
per cubic foot, 11 
Western hemlock, bending strength, 
crushing strength, and stiff- 
ness for, 27 
Wirebound boxes, 106 

tests of, 107 

Wood, agencies that destroy, 65 

annual growth of in forests, 9 

average annual consimiption of, 

by wood working industries 

in United States, 206 



